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Research Thin Circular Saw Blades, 404 


The SHEARING BAR feature considerable 
importance found only BUSS planers. 
heavy tool steel plate, machined knife edge, 
extending the entire length the Cutterhead 
and bolted the top back Pressure Bar. 
breaks loose knots and large splinters; pre- 
vents them from jamming between the Cutter- 
head and Pressure Bar. thus prevents damage 
these parts and serves preserve the perfect 
contact the Pressure Bar with the stock which 
essential fine finished planing. 


Note, too, the heavy section design the 
Pressure Bar which enables hold flat even 
badly cupped stock for maximum planing 
accuracy. 


There are more than features which 
assure the ability BUSS planers turn out 
highest quality planing minimum cost. all 
means, review them before deciding planer 
purchase. They are bound disclose that BUSS 
your best buy. 


Write for bulletins 
consult your requirements. 


Telephone EXport 2-2341 


Patented 
PREVENTS DAMAGE CUTTERHEAD 
AND PRESSURE BAR, 
BETTER 


STRUCTURAL SUPERIORITIES 
THAT MAKE BUSS PLANERS 
FAR YOUR BEST BUY! 


MACHINE WORKS, INC. 
Subsidiary 
GREENLEE BROS. CO., Rockford, 


292 EIGHTH ST. HOLLAND, MICHIGAN 
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BLACK BROTHERS 
GLUE SPREADERS 


Complete Range Sizes and Types for 
Fast, Economical, Accurate Gluing 


containing 


Bulletin 


the 


You'll never know how fast, accurate and 
clean gluing operation can ’til you put 
Black Brothers glue spreader work 
your glue room. Black’s complete line 
economical high production glue spreaders 
contains models for practically every type 
adhesive, stock and gluing operation: 
Single and double glue spreaders from 
122” capacity vertical, hopper-fed, con- 
veyorized, etc. Models, from our bench- 
type spreaders for laboratory light pro- 
duction work our No. 22-D Super Series 
for extremely heavy duty operations. 
course, every Black’s spreader has the extra- 
value features which have made them the 
leading name gluing equipment through- 
out the world. Get full details today 
writing for product bulletins. 


18” and 24” roll widths 

1-A, Part 


Rol 


Complete line gluing, clamping, laminating 
and roller coating equipment Since 1882 


THE BLACK BROTHERS CO., INC, 


MENDOTA ILLINOIS 
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No. 2-8" BENCH-TYPE GLUE 
and similar 
: 
VERTICAL GLUE 
designed speed 
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Important FPRS Dates 


1960: FPRS National Executive 
Board, Chicago, 

February 1960: Northwestern Section 

Bellingham, Wash. 

March 1960: Northeastern Section 
Meeting, Hartford, Conn. 

June 5—9, 1960: Fourteenth National Meet- 
ing, Montreal, Canada. 


NLMA Spurs Wood Promotion; Enlists FPRS Aid “Careers Program” 


man; and Mortimer Doyle, exec. v.p. 


NLMA directors moved increase pub- 
lic acceptance and understanding lumber 
industry grade marks approving resolu- 
tions which: 

(1) Urged the Federal Housing Admin- 
istration and private lending agencies re- 
quire grade marking all board and fram- 
ing lumber used in. 
backed FHA and other mortgage guaran- 
tees. This supported later announcement 
FHA Commissioner Julian Zimmerman 
that all board and framing lumber used 
FHA-insured housing must 
marked, effective April 

(2) Established special NLMA com- 
mittee study possible simplification and 
standardization grade designations. 

(3) Urged that establishing programs 
for management federally-owned com- 
mercial forest land, priority given 
programs and activities put the adminis- 
ducing and pay-as-you-go 

(4) Asked federated associ- 
ations provide the Forest Products 
Laboratory with detailed information the 
market potential for glues the lumber 
industry. 


EXECUTIVE BOARD met Chicago, Nov. discuss 1959 
and 1960 budget; expanded publications program; and 
technical program and arrangements for the June, 1960 Montreal 


WASHINGTON, Nov.—NLMA elects officers for coming year: Henry 
Bahr, treasurer; Floyd McGowin, chairman, Policy; Hood, 
Ist v.p.; Thomas McHugh, president; Ingram, board chair- 


(5) Called for immediate preparation 
use responsible for about one- 
third present lumber output. 

(6) Ordered intensification NLMA 
efforts cooperation with FPRS publi- 
cize career opportunities the private for- 
est industries. 

(7) Called for legislation eliminate 
false labeling and false advertising imi- 
tation wood products. 


National Wood Promotion Program 


step the tempo and increase ef- 
fectiveness the lumber year- 
old National Wood Promotion Program, 
the Board approved 1960 budget 
$1,363,424—21% above the $1,130,000 al- 
located for 1959. This will permit ex- 
pansion all phases the NWPP—ad- 
vertising, merchandising, product publicity, 
technical promotion and intra-industry co- 
operation work, 


Meeting Speakers 


Ingram told the meeting that product 
improvement better sales and distribu- 


NOTED SPEAKERS included, Dr. Ralph Robey, NAM economist; Julian 
Zimmerman, FHA commissioner; Henry Hill, prominent architect; and 
Donald Paarlberg, special assistant President Eisenhower. 


tion methods hold the key greater mar- 
kets for lumber and wood products. 
said the lumber industry must match 
marketing the progress has made forest 
management and increased log utilization. 


Robey said that business prospects 
“good,” least for the first half 1960. 
Such conditions, asserted, can continue 
“almost and the can 
achieve prosperity than any 
have ever the gov- 
ernment and private industry solve certain 
major problems, including the current steel 
dispute, the dangers inflation and the 
need for additional labor !egislation. 


Zimmerman also urged the lumber indus- 
try improve its sales 
activities, take advantage the growing 
market potential home construction be- 
tween now and the year 2000. Zimmerman 
predicted that the nation’s housing inven- 
tory will more than double the next 
years. New home starts, forecast, will 
rise from annual rate about 
million present unprecedented 2.25 
2.5 million units annually the year 
2000. 


International meeting. are Col. Jenkins, Ottawa; Fred Dickin- 
son, Calif.; Walt Smith, Asheville; pres. Scotty Harrar; Sec, Frank 
Rovsek; Joe Chicago; Don Saunders, Maine; Tony Veazey, 


Butte; and Jim Love, Texas. 
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NLMA Meeting; FPRS 
Cooperation, Contd. 


Wood has living quality that 
shared with delight and understanding 
all mankind” but architects lack the tech- 
nical information necessary take full ad- 
vantage its versatility, Hill declared. The 
San Francisco designer called lumber 
manufacturers increase their output 
printed material special proper- 
ties, architects can give the material 
new and greater-than-ever role home 
design. 

Paarlberg said the lumber and housing 
industries have definite stake Admin- 
istration policies designed hold down in- 
flation and keep credit from becoming 
flood credit, Paarl- 
berg maintained, would the fires 
inflation and create more problems for the 
housing business than 


Report NLMA 
Special Committee Education 


The Committee Education 
chairmaned Ray Berry met Novem- 
ber 11, 1959, with the President, Executive 
Secretary, and two other members the 
Forest Products Research Society visitors. 
Discussion the cooperative efforts date 
led the conclusion that joint goals are 
not being met because each the organ- 
izations waiting for the other initiate 
atcion. The Committee then recommended 
the Board Directors the adoption 
the following resolution: 


“The staff consult with the local area 
leaders appointed the Forest Products 
Research Society and develop definite 
grass-roots program the FPRS Sec- 
tion areas which would distribute the 
booklet, ‘Opportunities 
part the programs.” 


question the extent distribu- 
tion the publications, Un- 
and “There Challenging Place 
for You the New Age Wood” was 
discussed the Committee which recom- 
mended that 


“The present procedure for distributing 
copies the two NLMA career guidance 
publications continued.” 


ticipation elementary and high school 
career day programs and college lectures 


PART ALL-STAR LINEUP speakers includes, program chairman 
Don exec. Carborundum Co.; Steve Blake and Harvey Ben- 
nett, Behr-Manning Corp.; exec. Minnesota Mining Mfg. Co. 


4-A 


and seminars led adoption the follow- 
ing resolution: 


staff members and members 
the Industry are urged participate 
elementary and high school career day 
programs and college lectures and 
seminars whenever possible broad 
effort acquaint the public with the 
‘story wood’ and stimulate general 
sional careers the lumber wood 
products industry.” 


MEETINGS 


Pacific Northwest Section Meet Feb. 


The next meeting the Pacific North- 
west Section will held the Doric 
Bellingham Motor Hotel Bellingham, 
Washington February and 1960. 


One technical session this meeting will 
devoted plywood manufacture; the 
other will have general theme. Papers 
have been promised regarding the heating 
Douglas fir peeler logs, the influence 
oil-fired drier temperatures the quality 
cold pressed plywood, simplified data han- 
dling techniques, and the permeability 
Douglas fir. Field trips wood using in- 
dustries the Bellingham area and other 
local arrangements are being handled 
Wellwood. 


The banquet speaker will Seidl 
the Simpson Timber Company, who will 
present illustrated talk concerning his 
recent 30-day tour Russian forest prod- 
ucts industries. 


Home-Building Short Course 


Good design and construction can in- 
corporated into houses built rent sell 
low-income groups, insists the University 
Illinois Small Homes Council. Guide- 
lines for building good minimum-cost hous- 
ing will presented the 15th Annual 
Short Course Residential Construction 
January 14, 15, 1960. Demonstration will 
header designed for 12-foot spans. 


Registration fee $15 includes tuition, 
field trip housing research activities, an- 
nual dinner, and publications distributed 
part the course. Registration requests and 
check should mailed the Short Course 
Supervisor, Division University Exten- 
sion, Room 116b, Illini Hall, Champaign, 
Illinois. 


FPRS WOOD COMPOSITION BOARD DIV., chairmanned Jim Rot 
erts (far right) holds local meeting Chicago discuss subject 
Particle Board Standards. 


275 Attend North-Central 
Nov. 


REGISTRATION AREA successful 
meeting which combined four FPRS Sections. 


JACK KOELLISCH, Wood Wood Products, 
and DON LUBECK, Hammond Organ Co., who 
conceived ‘‘Factory program. 


NEW MEMBER John Black, Forest Prod- 
ucts Lab., Walt Smith, Exec. Board, and Ken 
Kimball, Midwest treasurer exchange good 
fellowship. 


MEETING CHAIRMAN, 
gratulates new 
Block, Merit Products Co., L.A., sec. Rov 


sek looks on. 


Joe 
supporting member Alec 


Briggs, Muskegon; John Blac. 


Len Ropella and Bill Roddis, Roddis Plywood; and Robert 
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1960! 


MEMBERS MONTH NOVEMBER 


Section Officers Please Take Note. Starting 
this month are going publish each 
nonth all the NEW Transferred-into- 
the-Section Members. Please adjust your rec- 
ords, and gear the most concerted New 
Membership Activity FPRS history! 


CAROLINAS—CHESAPEAKE 


Hodges, S. C. 

Roy Harding, 6900 as, 1905 south 
St., Maryville Pines, Georgetown, S. 

John’ Pinto, 5436 4017 So. 19th 
Arlington 4, Va. 

Carl Rishell, 
oy. So. 


Rutter, 7433 Ridgeway, Va. 
Scheick, 7467 1319—18th St. 
Ww. Washington 6, 


Verbyla, 7444 205 Beall, Lenoir, 


Hardwood Plywood 
Walter Reed Dr., Arlington 


GREAT LAKES 


Paul Leary, 7439 836 Chicago Dr., Grand 
Rapids, Mich. 


Ohio. 
INLAND EMPIRE 


George Wilhelm, 4587 Boise Cascade 
Corp., 114 10th, Boise, Idaho 


MIDWEST 


Burger, 3700 Wood Mfg. Co., Inc., 
Bayfield, Wis. 

Don Cieslak, 7503 American Roller Co., 
Halstad Chicago, Ill. 

Joe C. Denman, Jr., 7496 V, Southern Pine 
Lumber Co., Texas. 

Goodney, Suite 1138, Ex- 
change Bank Dallas 35, Texas. 

Hawkins, 6150 Koppers Com- 
pany, Inc., Wood Preserving Div., 
Box 20, Texarkana, Texas. 

Jacobson, 7471 4545 Augusta 
Blvd., Chicago 51, 

Keen, 7448 Market Div., Cater- 
pillar Tractor Co., Peoria, 

Knihans, 7501 912 12th St., She- 
Wis. 

Dr. Luthgens, 6533 9530 131th 
St., Palos, 

Edwards, Inc., Oakdale, La. 

Carlton Smith Industries, Inc., 7424 Attn: 
Carlton Smith, Box 4993 Station, 
Memphis, Tenn. 

Weidman, 7454 4866 Bondale Ave., 
Memphis 18, Tenn. 

Llewellyn Whalen, 7464 Ave., 
Bellwood, III. 


Hillyer Deutsch 


NORTHERN CALIFORNIA 


Eric Engstrom, 3658 Lindroth Timber 
Products, Fort Seward, Calif. 


Donald Luebs, 7431 722 Ninth St., 
Eureka, Calif. 
John Pinto, 5436 SPT Bn, APO 


331, San Francisco, Calif. 


NORTHEAST 


Grant Bauer, 7427 Route Manas- 
quan River, Point Pleasant Beach, 
Jack Bergen, 7460 305 Knowlton 


Bridgeport Conn. 

Allen Britton, Jr., 7461 McKenna Road, 
Norwich, Vermont 

Cohen, 7425 L—Co. Cabinet Corp., 
Sth St., Snamokin, Pa. 

I-win Douglass, 7495 Dept. Chemistry, 
Main, Orono, Maine 

Wallace J. Farr, 7468 V, No. Main St., Brad- 

ford, Vt. 


Hanlon, 7437 Cotton Hanlon, Inc., 
Odessa, New York 


Harrison, 7470 
Brooklyn 11, N. Y. 

Richard Hess, 7476 Quincy, Pa. 

Wm. Edgar John, 720 Milton Rd., 
Rye, New York 

John Kling, 7475 The Kling Factories, May- 
ville, New York 

Richard Kurtz, 7473 
Union Blvd., Bethlehem, Pa. 

Lowry, 7426 Elm Ave., 


260 Broadway, 


Ist Ave. 


Owego, New 


Bronk 
Painter, 7502 Box 477, 
Niagara Falls, New York 
Stephen Pechenik, 7436 Broad Park Sts., 
Dallastown, Pa. 
Arthur Reynolds, 7430 Eagle Lake, Maine 
Herbert Skiaroff, 7445 Cannon Ave., 
Lansdale, Pa. 
Spagnol, 7452 Box Export, Penna. 
Jack Weitzman, 7426 250 Harris St., 
Stroudsburg, Pa. 


York 
Andrew Mikles, 7453 601 137 St., 


PACIFIC NORTHWEST 


Axelson, 7497 Mt. Baker Plywood, 
Inc., 2929 Roeder Ave., Bellingham, Wash. 

David Baker, 5377 Simpson Timber Co., 
Research Lab., Shelton, Wash. 

Milton R. Gabrielson, 7446 V, P. O. Box 207, 
Oak Grove, Oregon 

Fred Johnson, Jr., 6003 as, 906 
Chestnut St., Portland 19, Oregon 

Harold Jones, 7499 Box 252, 
Eugene, Oregon 

James Ryckman, 7498 as, 3640 Bagley 
Seattle Wash. 

Sauder, 7465 1208 38th Ave., 
Vancouver, C., Canada 


PACIFIC SOUTHWEST 
Christian, 3192 3311 Pomona Blvd., 
Montebello, Calif. 
ROCKY MOUNTAIN 
Donald Coleman, 7432 1490 So. Quitman, 
Denver 19, Colo. 
SOUTHEASTERN 
Paul Bois, 4888 1941 Winston Dr., Ma- 


Ga. 
William Finnorn, 259 McDonald 
Mobile, Ala. 
Ginn, 3915 1300 West Peachtree St. 
Atlanta, Ga. 


UPPER VALLEY 


Vernon Meyer, 7447 Box 1127, Botti- 
neau, North Dakota 


NEW PUBLICATIONS 


U.S. Forest Products Lab Publications 


Two new reports relating sandwich 
construction and design are 
seven new revised reports recently issued 
the Forest Products Laboratory, 
Madison. Single copies free upon request. 

“Structural Sandwich Design Criteria,” 
Report 2161, presents basic design philoso- 
phy for structural sandwich construction 
under various types loading. Report 
2165, Case Study Sandwich 
describes the 12-year exposure and 
service data that was compiled sandwich 
panel construction experimental house 
unit the Forest Products Laboratory. 

Machines suitable for the production 
chips meet various specifications new 
products utilizing wood chips are described 
Report 2160, Equip- 
ment and Materials Handling.” 

“Preservatives for Wood Re- 
port 2166, points out various preservatives 
and methods application that may 
used advantageously for lengthening the 
service life wood pallets. 

Information 8-foot tunnel-furnace 
test used investigate surface flammability 
for building materials has 
rated along with other pertinent data 
recently revised publication entitled, 
Test Methods Used Research 
Report 1443. 
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Editors Note 

The September issue the 
JOURNAL carried article 
terial Attack Pine Logs Pond 
Ecklund. Because space limita- 
tions, the acknowledgment section 
the article was deleted the 
the request the authors, 


acknowledgments are reprinted 
below. 
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Many and organizations 
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phases this investigation. Par- 
ticular acknowledgment due Wil- 
liam McCudden and Carl Tucker 
the Diamond Gardner Corporation, 
who initiated the study with the 
California Forest Products Labora- 
tory and facilitated many phases 
the investigation. Acknowledgment 
consultations made Clark 
Heritage, consultant Diamond 
Gardner Corporation; Stout, 
Western Pine Association; Elizabeth 
McCoy, University Wisconsin De- 
partment Bacteriology, and Peter 
Ark, University California Depart- 
ment Plant Pathology. the Uni- 
versity California Forest Products 
Laboratory, Shirley McTernan as- 
sisted with the bacteriological 
phases the investigation, and 
David Brink with chemical aspects 


water treatment. 


Col. Jenkins, Chief, Forest Products 
Laboratories Canada, presented with 
copy the new Timber Construction Manual 
the Canadian Institute Timber Con- 
struction DeGrace, Eng., Execu- 
tive Vice-President the Institute. The 368- 
page engineering manual the result 
more than four work standard 
specifications which both FPL staff 
and Institute personnel participated, The 
presentation was made the Ottawa Lab- 
oratory. Bound green flexible binding, 
size, opens flat for drawing board 
use. Available approval from Canadian 
Institute Timber Construction, P.O. Box 
57, Toronto Ontario; $6.50. 


Dr. Ellis Cowling the For- 
est Products Laboratory has been awarded 
Public Health Service Fellowship 
pursue research the enzymology 
wood deterioration during the months 
beginning September, 1959. This re- 
search being conducted cooperation 
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with Dr. Birgitta Norkrans the Royal 
Pharmaceutical Institute Stockholm, 
Sweden, and Dr. Nils Purot the Bio- 
chemical Institute the University 
Uppsala, Uppsala, Sweden. The work 
extension Dr. Cowling’s disserta- 
tion the comparative biochemistry 
the decay wood white- and brown- 
rot fungi. 


retour 


Thoughtful expressions are worn 
William Van Beckum (left), Director 
Research and Development for The Pacific 
Lumber Company, and Nicholas Poletika, 
Director Research and Development for 
Union Lumber Company, recent Redwood 
Industry Conference Santa Rosa, Calif. 
The conference, attended some 200 top 
redwood industry leaders, was sponsored 
the California Redwood Association ac- 
quaint industry representatives with the 
challenge being made redwood markets 
highly competitive metals, plastics and 
other wood substitutes. 


Robert Hann, forest products tech- 
nologist the Forest Products Labora- 
tory, Madison, has been granted fellow- 
ship for the 1959-60 academic year 


North Carolina State College Raleigh. 
Hann intends concentrate courses 
wood chemistry conducted Dr. Al- 
fred Stamm, who recently retired from 
the Lab after years. Hann has been 
doing research work the development 
particle board, product made 
binding wood chips together under high 
pressure. 


Inquiries concerning employment listings 
addressed FPRS Employment Service, 
Box 2010, University Station, Madi- 
son Wis. Correspondence kept 
confidential. 


Positions Offered 


assistant and plants in- 
spector wanted. Must have wood tech- 
nology. experience required. Should 
younger. (Nov.) 


E-370—Trade association expanding field 
promotion department. Will add men 
locations throughout Must have 
qualifications and understanding equivalent 
that graduate new graduate ar- 
chitecture, civil engineering, industrial de- 
sign agricultural engineering, forest prod- 


BOOST PRODUCTIVITY AND EFFICIENCY 
INSPECTION 


Electronik 


ucts. Requires ability for self expression and 
capacity for aggressive promotion. (Nov.) 


E-369—Developing engineer for expanding 
technical group West Coast. Company 
manufactures lumber, veneer, allied 
ucts. Will responsible for design pilot 
plants for new products and engineering 
existing plants, some product development. 
Must able work with production per- 
sonnel. Engineering degree, experience 
forest products, ability work with little 
supervision required. Salary attractive. 
(Nov.) 


E-371—Have several openings our 
organization this time for experienced 
supervisory personnel capable supervis 
ing mill, machine, and cabinet departments. 
manufacture large and varied line 
case goods and chairs for household and 
institutional uses. (Nov.) 


time our organization for gualified per 
sonnel the sales field. Our principal prod- 
ucts are for use retail establishments 
consisting basically store fixtures fo: 
merchandising purposes. (Nov.) 


furniture factory en- 
gineer. Excellent opportunity for qualified 
man. Now producing medium-priced 
goods, quality product. Your detailed let- 
ter will held strict confidence 
(Dec.) 


Employment Wanted 


580—42 years age, graduate 
herst College, Massachusetts, and the 
Forestry School, Connecticut. Experienc: 
primarily procurement and 
forest products. shorter time spent 
related field corrugated board pro 
motion and direct paper chemical sales 
for New York City 


association and chemical company 
(Dec.) 


581—M.F. Dr. techn. sc. Married, 
years old, with considerable background 
the particleboard, fiberboard, 
ucts field. Seeks responsible position 
this field. Available 1960. (Dec.) 


T.V. ENGINEER 


Excellent opportunity start career 
with the General Electric Company 
the interesting television field, Desire 
Cabinet Engineer experienced 
layout and detailing, and bills 
material. Excellent salary and bene- 
fits. Send resume Ripston, 
General Electric Company, 
Eleventh Street, Rockford, Illinois. 


(Professional Card) 


MATER ENGINEERING 


Professional consulting engineers for the forest 
products industry. 

Sawmill design, modernization, 
tegrated plants, complete technical and 
economic studies. 


Box 410 
CORVALLIS, OREGON 
Phone Plaza 
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Continuous Residue Carbonization 


Conway Charcoal Industries, 
Conway, South Carolina 


Sawdust conveyed 
screw feeds through tubes 
chamber maintained 
carbonized hours, 
then sprayed with steam. 
supplemental heat 
needed after the 
carbonization started. 


one the oldest industries the 
world. For centuries, the accepted prac- 
tice was burn wood pit 
top the ground, and smother the fire 
with enough dirt other materials 
that carbonized without burning 
ash. This ancient method still used, 
even America, because requires 
little capital investment and can 
simple farm operation. The dis- 
advantages are the unpredictable yield 
(usually low), the amount labor re- 


The Authors: Ervin Dargan president 

Charcoal Industries, Inc. Walton 
nith chief the Division Forest Utiliza- 
Research the Southeastern Station. 
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CHARCOAL TAKE-OFF SCREW 


CARBONIZING TUBE 


w 

« 


DUTCH OVEN 


Southeastern Forest Experiment Station, 
Forest Service, Asheville, 
North Carolina 


DISTRIBUTION 
SCREW 


Fig. 5.—Flow chart, fine wood residue carbonizer. 


quired, and the dirt inevitably mixed 
with the charcoal. 

modern times, there have been 
many developments charcoal manu- 
facture assure standardization 
yield and quality, recover by-prod- 
ucts, and increase production meet 
increasing demands. Many successful 
units have been developed, from round 
beehive metal kilns, square metal 
kilns, masonry and cement block kilns 
that hold from 100 cords, 
closed retorts with recovery systems. 
The raw material used most these 
modern charcoal kilns has been round 
wood chunk wood. 

Scientists and wood industrials have 
method convert bark, chips, saw- 
dust, and shavings into charcoal 
profit. Much research has been done 


Presented Session XVIII, General, FPRS 
13th National Meeting, June 1959, 
San Francisco. 


this problem, and the patent offices are 
full ideas, many untried. 

Stamm? developed process for 
converting sawdust charcoal pass- 
ing through molten metal. Funda- 
mental studies involving the principles 
associated with this method fine car- 
bonization have been conducted the 
Forest Products Laboratory. 


There has been research Morgan* 
and associates Georgia Tech 
producing charcoal from sawdust 
the fluidized-bed process. Although 
this method has interesting possibili- 
ties, has not been tried commercially. 

While many scientists were busily 
engaged varying types research, 
inventive named 


2Stamm, 1949. Destructive distillation 
solids liquid bath. Patent, No. 
2,459,550. 

Morgan, W., Armstrong, M., Jr., and 
fluidized bed. Chem. Engin. Prog., Vol. 49, 
No. pp. illus. 1953. 
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Fig. 1.—Wood residue conveyed from storage bin 


inclined tube with screw feed. 


Svend Thomsen was tackling the prob- 
lem his own from purely prac- 
tical approach Ontario, Canada. 
Educated Denmark and Rensse- 
laer New York, developed excep- 
tional abilities topnotch machinst 
with imaginative ideas. his private, 
poorly equipped laboratory, first es- 
tablished the required carbonizing 
temperatures and other fundamental 
information for manufacturing char- 
coal. then set about make 
continuous carbonizing unit. Essen- 
tially, the unit employs number 
tubes with screw-feeds that slowly con- 
vey the sawdust through the tubes. The 
tubes themselves pass through 
ing chamber, where the temperature 
maintained 800° 900°F. re- 
quires from one two hours for the 
sawdust pass through this area, dur- 
ing which time fully carbonized. 
The carbonized sawdust then passes 
single exit tube, where sprayed 
with steam for the purposes par- 
tially activating the charcoal and reduc- 
ing the temperature. 

feature the carbonizer that 
operates without supplemental heat, 
once the process under way. por- 
tion the gases from the carboniza- 
tion process are vented into the com- 
bustion chamber, where they are 
burned provide sufficient heat 
carry the operation. 


Air excluded from the carboniz- 
ing tubes means the wood resi- 
due forming its own air seal the 
entering conveyor tube. The charcoal 
seals the air from the exit tube. Also, 
some pressure develops inside the tubes 
during carbonization. 

arrangement was made whereby 
Mr. Thomsen moved his entire opera- 
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tion Conway, South Carolina, where 
the Charcoal Industries, Inc., was 
formed with the purpose developing 
commercial unit for converting wood 
residue into charcoal briquets and other 
charcoal products. The company also 
plans make this equipment avail- 
able the wood-using industries. 


The first job was develop car- 
bonizing unit that would produce ap- 
hours. (Mr. Thomsen’s original model 
Canada had rated production 
only tons hours.) The second 
job was develop inexpensive bri- 
quetting equipment that would handle 


the production capacity the carbon- 


The first objective has been com- 
pleted and the carbonizer operating 
and ready for the wood-using industry. 
Charcoal Industries the middle 
developmental work the briquetting 
machine and will report when 
ready for commercial use. This paper 
will concerned primarily with the 
carbonizing unit. 


The carbonizing unit constructed 
brick and concrete, 31.4 feet long, 
feet wide, and feet high. sin- 
gle metal tube with screw conveyor 
carries the wood residue the en- 
trance hopper (Fig. 1), where 
distributed evenly parallel tubes 
that carry the material through the 
combustion chamber (Fig. 2). These 
tubes drop the carbonized residue into 
single exit tube that carries the char- 
coal storage vats directly 
briquetting machine (Fig. 3). The 
main structure has dutch oven under- 
neath. The heat passes through ducts 
the top the dutch oven the 
upper heating chamber, where the 


Fig. 2.—A variable speed motor drives the spiral screws the 
thirteen carbonizing tubes. 


tubes are located. wood fire 
started the dutch oven for several 
hours get the temperature 
800°F., before the carbonizing process 
started. After the carbonizing proc. 
ess under way, the products car- 
bonization (wood gases and on) 
diverted from the carbonizing tubes 
the dutch oven, and the process ther 
becomes automatic without supplemen- 
tal heat (Fig. 4). flow chart 
process shown Fig. 


Sawdust, bark, shavings, hardwood 
chips, and pecan shells have been 
cessfully carbonized. The material car 
bonized varied from about percent 
moisture content approximately 150 
percent moisture content, but the 
ter takes longer remove the exces- 
sive amount moisture. 


The Southeastern Forest Experiment 
Station the Forest Service has 
served advisor and consultant 
the developmental work, and has con- 
ducted studies moisture content 
residue, production rates, and quality 
the charcoal. From 
made during the shakedown runs, 
great deal has been learned, and equip 
ment design has been improved. 

The first studies were made 
March, 1959. Moisture contents 
mixed pine shavings and sawdust aver 
aged 141.6 percent; fresh pine saw 
dust 81.6 percent; and hardwood chip 
79.2 percent. The rate charcoal pro 
duction during this test was 
pounds per hour 5.7 tons per 
hours. Insufficient data were 
determine the yield charcoal fron 
possible correlate the charcoal pro 
duction with infeed except over long 
period time. The charcoal 
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from this test was analyzed the For- 
est Products Laboratory, with the fol- 
lowing results basis oven-dry 
weights: 


Average moisture content of 

charcoal 1.79 percent 
Volatiles 27.17 percent 
Fixed carbon 68.21 percent 


This run had higher volatile con- 
tent and lower fixed carbon content 
than generally desired for high- 
grade commercial charcoal, but again 
the extremely high moisture content 
wood residue being tested should 
noted. 


Further research tests were made 
early June with pine planer shavings. 
Data were taken for the infeed shav- 
ings and outfeed charcoal for one- 
hour periods two separate days 
while the unit was operating continu- 
ously. Moisture content the shav- 
ings ranged from percent 
from random samples and averaged 
27.4 percent. Insufficient data were ob- 
tained for the indication 


Moisture 
Sample No. content 


20.24 
13.77 
20.2 
16.33 
17.16 


Fig. 4.—Back end carbonizer, showing bypass gases dutch 
cven, drive for exit charcoal through tube leaving carbonizer 
right, and experimental fractionating device for collecting wood 
distillates. 


Table 1.—RESULTS CHARCOAL ANALYSIS 


Volatiles 


and activating. 


yields from this light-weight material, 
but the percentage yield was over 
percent oven-dry basis. 


analysis this charcoal the 
Forest Products Laboratory gave the 
results shown Table oven- 
dry weight basis. 

subsequent run dry oak 
shavings, the charcoal yield over 
hour period amounted percent, 
and the production capactiy the 
equipment was tons per hours. 


Another production test was made 
hardwood chips and planer shavings. 
The results were encouraging because 
the percentage yield increased and char- 
coal quality was higher. The results 
these tests are given Table 


More being learned each day 
about the capacity and its 
production, which varies greatly with 
the size and shape wood residue par- 
ticles, the moisture content, 
density the wood residue. With 
variable-speed drive, the production 
rate can changed fit the type 


residue being carbonized. 


Table 


Fixed 
Ash carbon 


Fig. 3.—An exit tube (upper) conveys the carbonized residue 
mixing vat prior briquetting (lower) conveyor tube 
storage bin (center). Steam sprayed into charcoal for cooling 


2.—PRODUCTION PER HOURS 


The latest production test was made 
with green gum chips from slabs, fresh 
from the saw. period hour 
and minutes, the machine produced 
864 pounds charcoal, which indi- 
cates production 14,138 pounds 
hours fraction over tons. 


mentioned earlier, the briquet- 
ting machine, which works hydrau- 
lic pressure the molds form char- 
coal briquets from the hot charcoal 
directly from the carbonizer, has not 
been perfected. little more exper- 
ience needed binder types and 
quantities, production rates, and the 
coordination the briquet machine 
with the carbonizer before the briquet 
machine can put the market. 


summary, carbonizing unit has 
been developed for converting wood 
residues into charcoal, and this equip- 
quetting machine use conjunction 
with the carbonizing unit being de- 
veloped, and should available 
industry soon. 


Hardwood Planer 
chips shavings 


84.13 Tons oven-dry material 16.4 
78.77 Tons oven-dry charcoal 4.7 4.2 
1.17 85.06 Percent yield (based on oven-dry weights) 28.4 27.9 
.98 78.79 Av. moisture content, percent 
1.10 82.07 Green material 36.2 12.5 
Charcoal 1.5 1.8 
1.08 81.76 
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School Forestry, Duke University, Durham, N.C. 


Taras 


OOD-USING INDUSTRIES are con- 
tinually seeking better and faster 
methods drying wood with min- 
imum amount degrade. Although 
large number woods can dried 
relatively short time with little 
degrade, there are some commercially 
important species that require con- 
siderable care and time dry properly. 
Oaks (Quercus sp.) are among the 
woods used rather extensively through- 
out the woodworking industries that 
require considerable care and time 
dry. 
The purpose this study was 


determine chemically treated 1-inch 


oak lumber could dried satisfactorily 
with severe kiln-drying schedules. 


Chemical Seasoning 


ancient times, wood was soaked 
sea water before was dried help 
reduce surface checking, and common 
salt (sodium chloride) has been used 
for many years layer between 
boards bulk-piled for air-drying. These 
processes were not fully understood 
until after 1930 when the Forest Prod- 


The Authors: Anders Lund holds BSF from 
Colorado State University, and a MF from Duke. 
has worked for the Forest Insect Labora- 
tory and the U.S. Forest Products Laboratory. 

Michael Taras received his and 
Forestry degrees from the Pennsylvania State 
University. was the U.S. F.P.L. for over 
years before joined the Forest Utilization 
Research Division the Southeastern Station. 
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Southeastern Forest Experiment Station, Asheville, 


Unseasoned lumber was treated with 
chemical seasoning agent and dried rapidly 
with high-temperature schedules. Two 
methods treatment were explored: bulk 
piling with dry salt, and dipping 
solution. Dipping had little effect. 

The schedules used were too severe for 
scarlet oak, though dry-spread salt did 
reduce honeycombing. White oak was dried 


Kiln Drying Chemically Treated 
Scarlet Oak and White Oak 


Fig. 1.—Experimental kiln with test charge. 


ucts Laboratory Madison, Wiscon- 
sin, had completed some preliminary 
work chemical seasoning. 

The following hypotheses were for- 
mulated the Laboratory after its pre- 
liminary work: 


diffuse into the water contained 
green wood, and water the 
wood will diffuse into the sur- 
rounding chemical solution. 

The presence the chemical 
unseasoned wood 
vapor pressure the water with- 
the wood, which thus tends 
retain more water the wood and 
permits the wood affected re- 
swollen condition while 
being dried specific relative 


use chemical seasoning agents 
effectively necessary under- 
stand the basic concepts and ideas that 
govern their application and use. 
the normal seasoning process, moisture 
wood moves from region 
higher moisture concentration re- 
gion lower concentration. For wood 
dry under normal conditions, there- 
fore, necessary that the surface 
the lumber drier than the interior. 
This establishes moisture gradient 
that permits the more moist regions 
the interior dry the movement 
moisture towards the surface. The 
steeper the gradient, the faster the 
drying 

When the moisture content wood 
falls below percent, the fiber sat- 


uration point, the vapor pressure th: 
moisture becomes less; and when 
wood completely dry, the vapor pres- 
sure zero. normal drying, where 
the core wet and the outer layers 
below fiber saturation point, unequal 
moisture distribution causes differen- 
tial shrinkage the wood 
duces stresses that result surface and 
end checks. 


chemical ideally applied, enters 
approximately the outer one-tenth 
the thickness the wood and reduces 
the vapor pressure the water this 
zone. The water the interior the 
wood retains its high normal vapor 
pressure. The amount 
pressure reduction the outer zone 
can controlled the type and 
quantity chemical agents used. 

Thus, any given temperature 
relative humidity, the water 
core the wood has higher 
pressure than the solution the 
outer fibers the wood. 
the water the core will move 
the vapor-pressure gradient from 
core toward the outer fibers. 

kiln conditions are set that 
relative vapor pressure the 
mosphere lower than the 
vapor pressure the chemical 
tion, the wood begins dry. 

Presented the Fall Meeting the Car 
linas-Chesapeake Section, FPRS, Oct. 31—No 
1, 1958, in Roanoke, Va. 

cooperative aid project between the Scho: 
Forest Service, Southeastern Forest Experime 
Station. 


seasoning wood. U.S. Forest Prod. 
Rpt. R1701. 
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Fig. 2.—Drying schedule used kiln run 


same time, because the vapor- 
pressure gradient within the wood, 
moisture moving from the center 
the wood the surface where 
being evaporated. 

the vapor pressure the air con- 
trolled the temperature and relative 
humidity equal greater than 
the vapor pressure the chemical so- 
lution, the surface fibers the wood 
will remain moist, and drying will 
take place. Research chemical sea- 
soning the Forest Products 
Laboratory has shown that condensa- 
tion results the relative vapor pres- 
sure the atmosphere exceeds the 
vapor pressure the chemical solution 
the outer layers the wood. 

such condensation permitted for 
any length time the condensing 
water tends leach out the chemical 


and cause corrosion problems the 
kiln. 


Experimental Procedure 


Four kiln runs were made this 
study two species oak: scarlet 
oak (Quercus coccinea Muenchh), and 
white oak (Quercus alba L.). The first 
two kiln runs were preliminary 
scope and were used establish the 
temperature schedules for runs 
and 

The chemical substance used was 
Morton Lumber Cure, buffered salt, 
essentially sodium chlo- 
and some undisclosed corrosion- 

additives. 


DRY BULB 


RELATIVE HUMIDITY (PERCENT) 


EMC. (PERCENT) 


The lumber was sawn from six trees, 
three scarlet oaks and three white oaks, 
selected the basis similarity 
age, vigor, form, height, 
Only the 16-foot butt each tree was 
sawn into lumber. minimize 
drying the lumber, the logs were 
sawn just prior the time each kiln 
run was made. The logs were sawn 
methods used obtain the best quality 
possible, except that boards were 
cut less than inches wide. Position 
each 16-foot board within each log 
was noted, and each 16-foot board was 
cut into two 8-foot lengths accom- 
modate the size the experimental 
kiln. kiln runs and one-half 
the 8-foot boards were treated chem- 
ically and the other half were used 
controls and dried the same charge. 

Two methods chemical treatment 
were studied. The first treatment con- 
sisted bulk-piling the green 8-foot 
boards with alternating layers the 
dry salt; 140 pounds salt were ap- 
per thousand board feet lum- 

er. The bulk piles were covered with 
waterproof plastic and allowed 
stand for days, after which they 
were assembled into kiln charge. This 
treatment was applied the lumber 
dried kiln runs and 


The second type chemical treat- 
ment was applied the lumber dried 
kiln run The lumber was dipped 
percent solution the chem- 
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Fig. 3.—Drying schedule used kiln run 


ical for seconds and then allowed 
drain until drip free (about sec- 
onds). The solution contained 
weight percent the buffered salt, 
percent starch, and percent water, 
recommended the manufacturer. 


Drying was done experimental 
cross-circulation kiln. Fig. shows the 
experimental kiln with test charge 
ready for drying. The boards used 
the respective kiln runs were selected 
randomly from each log and then ran- 
domly placed the kiln charge. kiln 
charges and where both scarlet 
oak and white oak were dried together, 
the species were kept separate and not 
randomly mixed. The boards each 
course lumber were placed edge 
edge and stickered with five stickers 
minimize warping. The drying sched- 
ules (figs. called for con- 
siderably higher temperatures and rela- 
tive humidities than those ordinarily 
used chemical seasoning. Relative 
humidities above percent should 
prevent drying, but substantial drying 
occurred from the start each run. 
Severe corrosion the kiln indicated 
that some leaching the chemical oc- 
curred, which possibly affected the 
vapor pressure the surface zone. 


Conventional were 
used for determining moisture content 
and preparing kiln samples. kiln 
runs and eight kiln samples were 
used each charge. runs and 
twenty-four kiln samples were used per 
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RATURE (DEGREES 


RELATIVE HUMIDITY (PERCENT) 


charge. addition the samples 
used charges and several extra 
samples were placed the charge 
that periodic casehardening, miosture 
content, and moisture gradients tests 
could made drying progressed, 
without destroying the kiln samples 
used measure the drying rate the 
charge. All kiln samples were weighed 
and the above tests were made the 
extra samples every hours. 

All the lumber used test material 
was graded the poorest face before 
was kiln dried, accordance with 
the National Hardwood Manufacturers 
Rules January 1955. Defects the 
poorest face were delineated and the 
amount clear and defective area 
determined. After all the boards were 
dried, they were regraded and the clear 
and defective areas recalculated. The 
amount sweep, cup, bow, and twist 
was also measured, and specific gravity 

was calculated ovendry basis. 
After these determinations, the boards 
inch. This surfacing removed sufficient 
material expose any honeycomb 
checks the interior. The length 
all exposed honeycomb checks was 
measured the face that showed 
the greatest number longest 
checks. The extent honeycombing 


McMillen, 1950. Methods deter- 
mining the moisture content of wood. U. S. 
Forest Prod. Lab. Rpt. 1649. 

The use kiln samples operating 
lumber dry kiln. Forest Lab. Rpt. 
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Fig. 4.—Drying schedule used kiln run 


BULB 


HUMIDITY 


was expressed linear inches per 
surface Because 
soned oak prone severe honey- 
combing when dried high tempera- 
tures, the extent honeycombing was 
used primary criterion for measur- 
ing the effectiveness the chemical 
treatment lumber quality under sev- 
ere kiln drying conditions. 


Discussion Results 


commercial drying, has been 
generally observed that white oaks are 
more difficult dry than red oaks. 
Two exploratory studies chemical 
indicated, however, that 
certain red oaks are more difficult 
dry than white oaks, contrary gen- 
eral opinion. The first two kiln runs 
and this study were pre- 
liminary nature, and established the 
maximum temperatures and humidities 
which scarlet oak and white oak 
lumber could dried without serious 
degrade. Kiln run was made scar- 
let oak alone because the indications 
the previous works. severe, non- 
cyclic kiln schedule was devised, based 
dry-bulb temperature 180°F. 
and wet-bulb temperature 176°F. 
the initial conditions. This gave 
relative humidity percent and 
equilibrium moisture content 15.5 
percent. Kiln conditions were adjusted 


Peck, C., and co-workers. 1956. Air 
Prod. Jour. 


Fig. 5.—Drying schedule used kiln run 


throughout the run maintain the 
maximum drying rate and the samc 
time keep degrade minimum. 
Every hours, the boards 
charge were examined for end checks 
and surface checks. Surface check 
examination was restricted the top 
layer boards. Whenever the lumber 
the charge showed evidence 
checking the drying conditions the 
kiln were made milder. Fig. shows 
the entire schedule for kiln run with 
the adjustments made periodic inter- 
vals. Changes the schedules toward 
milder conditions indicate the occur- 
rence checking that time. 


Fig. the schedule used kiln 
run which only the white oak was 
dried. The initial conditions this run 
were slightly more severe than 
used kiln run The initial drying 
conditions were dry bulb 
175°F. wet bulb, which gave 
tive humidity percent and 
equilibrium moisture content 
cent. Though the drying conditions 
this run were more severe than thos 
kiln run was not necessary 
make conditions milder, was 
case run which indicates that 
treated white oak 


Olinger, 1955. Kiln drying urea treate 
Green Oak lumber. Unpublished report. 
ters Thesis. School Forestry, Duke Unive 
sity, Durham, North Carolina. 

oak lumber treated with crystal urea. Unpul 
lished report. Masters Thesis. School Fo: 
ay, Duke University, Durham, North Car 
ina. 
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Table RESULTS FOR KILN RUNS AND 


could the scarlet oak. changed dry .bulb, 175°F. 
summary the treatments for wet bulb, percent relative humidity, 
and the results the treatments are These conditions were main- 
shown Table These data show tained for days, after which the 
ing occurred, and the increase defec- severe the moisture content 
tive area was very About per the stock decreased. 
cent the scarlet oak boards dropped The treated material used 
boards were down-graded after drying. tion the chemical seasoning agent. 
Honeycombing was considerably The initial drying conditions for 
greater the scarlet oak run (3.73 run were the same those used 
linear inches per surface board-foot) run 180°F. dry bulb, 175°F. wet 
than the white oak, which showed bulb, percent relative humidity, and 
0.16 linear inch honeycombing percent equilibrium moisture con- 
surface board-foot. This difference tent. Although these conditions were 
the degree honeycombing may at- slightly less severe than those used ini- 
The scarlet oak picked less changed dry bulb, 176°F. 
the chemical than the white oak bulb, percent relative humidity, 
and the depth penetration was and percent moisture 
oak was bulk piled only days, days and then change 
whereas the white oak was bulk Progressively more severe conditions 
piled for days. until the charge was dried 8.5 per 
view the results obtained Every hours during the drying 
the preliminary runs, kiln runs and period, kiln samples were weighed and 
were made according the sched- the moisture content the charge was 
treated and control boards each samples, shown Fig. for 
species were dried together. kiln and Fig. for kiln run These 
had been bulk piled for days with ical treatment the drying rate the 
The initial drying condi- ical treatment rate moisture loss 
were 180°F. dry bulb, 172°F. scarlet oak quite apparent the 
percent. These initial conditions first began appear about 
slightly more severe than those after drying was started. From 
wed runs and and proved too this point the treated material main- 
ying conditions milder after day controls, and the spread mois- 
FOREST PRODUCTS JOURNAL 
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Fig. 6.—Drying rate for treated and un- 
treated scarlet and white oak kiln run 


ture content between treated and un- 
treated material became progressively 
greater. reached maximum spread 
after days drying (13 percent 
spread moisture content). This 
spread was maintained until the fifth 
day drying, after which the spread 
began decrease. the end the 
drying period days, hours), the 
spread moisture content between 
the treated material and controls was 
approximately percent. The charge 
was then equalized percent mois- 
ture content and conditioned for 
hours relieve stresses. 

The white oak that was given the 
same chemical treatment and dried 
the same charge was not affected the 
chemical treatment for the first few 
days drying was the scarlet oak. 
The curves representing white oak 
Fig. show that the treated material 
and controls dried about the same 
rate for the first days. After this 
period, small spread moisture con- 
tent appeared between treated mate- 
rial and the controls. The maximum 
spread moisture content percent) 
between treated material and controls 
appeared after days drying, and 
the scarlet oak, the moisture loss 
was slower the treated material than 
the controls. 

addition the moisture content 
data obtained from the kiln samples 
every hours, moisture content the 
shell and core treated and untreated 
material was determined 
mens cut from the extra kiln samples. 
The results obtained from these data 
(Fig. represent the moisture grad- 
ient that existed the lumber during 
drying. the drying lumber, 
steep moisture gradient between shell 
and core indicates the development 
high stress the lumber which may 
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Fig. gradient between shell 
and core treated and untreated scarlet 
and white oak kiln run 


induce seasoning defects. The objec- 
tive chemical seasoning reduce 
this gradient order minimize the 
internal stresses that develop. Fig. 
shows the influence chemical treat- 
ment the reduction the moisture 
gradient scarlet oak and white oak 
lumber dried run white oak 
(upper part Fig. the spread 
moisture content between the shell and 
core the untreated material about 
twice large the spread mois- 
ture content the treated material. 
The treated material reached max- 
imum spread only percent after 
days drying, whereas the controls 
had maximum spread percent. 
The sacrlet oak data (lower part 
Fig. displays the same form the 
data for white oak. The maximum 
spread moisture content between 
shell and core the untreated mate- 
rial was percent; treated material 
had maximum spread percent. 

The apparent influence chemical 
treatment the rate moisture loss 
and moisture gradient within the lum- 
ber (Fig. and further substan- 
tiated the large difference the 
degree honeycoming the treated 
and untreated material. The extent 
the honeycombing shown Table 
Treated scarlet oak had average 
1.16 inches honeycomb per linear 
board-foot, compared 17.12 
inches for the untreated. White oak, 
treated and dried under the same con- 
ditions, had average 1.17 inches 
honeycomb per linear board-foot for 
the treaded stock compared 5.27 
inches for the untreated stock. The 
large difference the degree honey- 
combing between the scarlet oak and 
white oak controls corroborates previ- 
ous information that white oak less 
prone honeycombing when dried 


high temperature than are some red 
oaks. Chemical treatment proved quite 
helpful reducing the amount 
honeycombing both species. Fig. 
shows the cross sections several 
boards dried run 


Kiln run was made scarlet and 
white oak boards that were treated 
dipping the stock percent solu- 
tion the chemical. This treatment 
had little effect the rate 
moisture loss between treated and un- 
treated material (Fig. 9). The curve 
shows that the rate drying was ap- 
proximately the same for treated and 
untreated material both species. 
moisture gradient bewteen shell anc 
core was influenced only slightly (Fig. 
10). The treated white oak kiln run 
(Fig. 10) shows maximum spreac 
moisture content between shell 
core 29. percent after day dry 
ing, compared maximum spreac 
percent for the treated white oak 
kiln run The magnitude the 
spread moisture content between 
shell and core for scarlet oak run 
still larger than for the white 


These differences the effect 
chemical treatment drying rates and 
moisture gradients between kiln runs 
and are attributed the differences 
concentration the chemical con- 
tained the wood. Run had reten- 
tion 105 pounds chemical per 
thousand board-feet, while the lumber 
pounds chemical per thousand 
board-feet. Honeycombing (Table 
was rather severe the scarlet oak 
controls and treated material, aver- 
age 40.63 and 23.28 linear inches 
honeycomb per board-foot respec- 
tively. Conversely, white oak, which 
less prone honeycombing, showed 
only slight increase over the amount 
run when absolute values are 
compared; however, percentage 
basis, this small gain (0.44 inch) 
represents percent increase. 

Fig. shows cross sections cer- 
tain boards dried run Regardless 
the manner which these differ 
ences between runs and are an- 
alyzed, the data all indicate that, for 
this chemical treatment 
high concentrations are needed 
the high temperature schedules used 
this study. The optimum retention 
chemical cannot determined 
this study, and may possible 
lower concentrations than those used 
tive reducing honeycombing. 

This study has definitely demo: 
strated that the use chemical 
kiln drying high temperatures 
relative humidities effective 
ducing the amount honeycombin 
(percentagewise) green oak. Hov 
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Fig. 8.—Cross sections treated and untreated scarlet and white 
boards showing internal condition boards after drying (kiln 


3). 
(1) Untreated scarlet oak 
(2) Treated scarlet oak 
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Fig. 9.—Drying rate for treated and un- 
treated scarlet and white oak kiln run 
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Fig. sections gradient be- 
tween shell and core treated and un- 
treated scarlet and white oak kiln run 


ever, these conditions cannot used 
present commercial drying equip- 
because corrosion. One should 
consider the percentage boards 
which honeycombing did occur, re- 


(4) Treated white oak 


only about percent the boards 
were free honeycombing. run 
only percent the treated scarlet 
oak and percent the white oak 
were entirely free honeycombing. 
Drop grade somewhat erratic 
(Table 2), especially when controls 
between kiln runs are compared, and 
difficult explain these varia- 
tions. the white oak controls run 
where drop grade was ob- 
served after drying was complete, this 
discrepancy may explained the 
fact that the majority the boards 
used controls were No. common 
grade lower before they were dried. 
Lumber these lower grades has con- 
siderably more latitude acceptable 
defects before they are downgraded. 
The percentage increase defective 
area (Table 2), well the warp- 
ing, are relatively low magnitude. 
appears from these data that salt treat- 
ment did not influence warping 
defective area any great extent. 


The corrosion 
from the high temperatures and high 
relative humidities also requires con- 
sideration. The kiln used these tests 
corroded badly. Perhaps this could 
have been prevented proper coating 
the kiln. The costs frequent in- 
spection and maintenance commer- 
cial kiln control corrosion under 
such conditions are quite likely 
prohibitive. the drying 
treated oak, possible that free 
and ions are present. com- 
bination with warm, moist air, circu- 
lating rapidly, these ions would 
strongly conducive corrosion. 


Summary Results 


The results this study are not 
conclusive, but they indicate that 
chemical treatment can help mini- 
mize honeycomb degrade when high 
temperatures and rapid drying sched- 
ules are used. The results show: 


White oak honeycombs 
considerably less than scarlet oak 
lumber when dried under the 
same high 
tions, whether treated not 
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(2) Treated scarlet oak 


Fig. 11.—Cross sections treated and untreated scarlet and white 
oak boards showing internal condition boards after drying (kiln 
run 4). 
(3) Untreated white oak (1) Untreated scarlet oak 


(3) Untreated white oak 
(4) Treated white oak 


treated with sodium chloride 
base chemical. 


Green, 1-inch white oak can 
amount degrade using rapid 
kiln drying schedule and chemical 
seasoning agent, such Morton Lum- 
ber Cure, applied the lumber dry. 


solution the chemical used this 
study was ineffective reducing honey- 
combing under high temperatures. 


Damage from honeycombing 
scarlet oak was reduced considerably 
when was bulk piled. Even with this 
reduction, the drying schedules used 
this study were apparently still too sev- 
ere for scarlet oak. believed that 
somewhat less severe schedule could 
used. 

While the test methods used 
this study show considerable reduc- 
tion the percentage honeycomb- 
ing, when comparing treated and un- 
treated specimens, only about per- 
cent the treated boards were free 
honeycombing. This, and the cor- 
rosion, probably makes the method 
still unacceptable commercially. 
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IMPROVEMENTS THROUGH RESEARCH 


Thin Circular Saw 


California Cedar Products Co., 
Stockton, 


Best 


California Forest Products Laboratory, 
Richmond, Calif. 


Thin, circular saw blades, 
though flexible, prone 
distort and vibrate, and 
very sensitive thermal 
gradients, are giving 
10% more product for the 
authors. Both theory and 
practice are presented. 


IRCULAR SAW BLADES FOR WOOD 

have been used for two centuries. 
They are newer 
frame saws and than bandsaws. 
not surprising that blades are 
made thick enough withstand mul- 
titude adverse forces. The relative 
thickness circular blades causes ex- 
cessive waste, which frequently limits 
their use. Table shows the ratios be- 
tween diameter and thickness some 
commercially available blades. The 
blades become relatively thinner 
they become larger, but whether they 
become relatively stronger weaker 
depends many operating factors. 

thin circular blades and machines 
use them are not available the 
wood-using industry, only because 
there ready answer for those who 
could and used. Some say they 
could make them only they could 
used, while others say they could use 
them only they could made. 

The advantage thinner blades de- 
pends the use which they are 
put. For example, the slats for lead 
pencils (0.20 2.63 7.25 inches 
nominal air-dried dimensions) 
made from blocks incense-cedar 
(Libocedrus decurrens 2.63 
2.8 7.25 inches. Nine so-called thin 
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Cecil Best holds engineering physics 
and engineering science from the Uni- 
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Fig. 11.—Pilot machine for sawing pencil slats. 


circular blades 0.049 inches are 
used gang saw slats. There 
slats, instead could made from 
the same block, means thinner 
blades. Such blades present great diffi- 
culties, however, because they are flex- 
ible, prone distortions vibrations, 
and sensitive thermal gradients. 


The operation circular saws 
art that has been described publica- 
tions. When centrifugal forces and 
tensioning are discussed, they some- 
times receive explanations that are 
pleasantly simple. For example, the 
stresses rotating blade have been 
likened those generated revolv- 
ing weight attached the end 
cord. true that such weight in- 
duces centrifugal force, because its 
mass and continuously changing direc- 
tion. This force, although generated 
the circumference rotation, 
sisted equally all points along the 
string. The mass circular blade, 
however, not concentrated the 
rim, but distributed. The state 
stress induced the blade depends 
the interaction all the infinitely 
small particles mass each other. 
Instead being pleasantly simple, this 
complex. 


Interesting studies circular saw 
blades have been published about 
dozen countries and 
guages. Furthermore, there have been 
advances research and technology 
related fields such turbine disks, 
metal machining, and metallurgy. This 


paper discusses some problems 
manufacture and use circular saw 
blades. Recent pertinent research wil 
mentioned. Experiments the 
thors and their associates will de- 
their bearing the manufac 
ture pencil slats will reported 


Such studies may have value other 


branches sawmilling and 
facturing. 


Some Problems with Circular Blades 


The production circular saw 
blade, the original steel sheet 
through the several manufacturing and 
doctoring operations the saw arbor, 
presents several difficulties. 

begin with, the plate stock has 
directional properties result 
rolling, and has 
unless has been thoroughly annealed 
afterward. More residual stresses 
introduced when the saw blank 
made from the plate. Local change 
occur the orientation the direc 
tional properties the blank 
shearing and the teeth are forme: 
punching. Such changes near 
teeth are reduced, but not eliminated 
the teeth are formed milling. 
any case, residual stresses persist unles 
the blank fully annealed. 

Even the blank free fron 
stresses and perfectly flat this stag 
manufacture, the subsequent hard 
ening heating, quenching, and tem 
pering will almost certainly induc 
warping unless the blank 
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clamped. Once blade warped, 
conventional surface grind- 
ing will flatten 


After the blade manufactured, the 
doctor must attempt flatten it, 
isually hammering. doing, 
must disrupt the carefully 
surfaces with hammer marks, 
hus inducing local residual stresses. 
luced during any subsequent tension- 
which consists stretching the 
hammering the blade con- 
Residual stresses are 
introduced setting and grind- 
the teeth, brazing carbide 

Consider now blade running idle. 
Any departure from flatness 
may produce vibration. Even 
ideal blade can made vibrate 
disturbances external the blade it- 
self. Vibrations arising the saw ma- 
chine, any other machine close 
it, may transmitted the blade. 
crooked arbor worn bearings can 
cause vibrations. Even very carefully 
made arbor, unless free from axial 
movement, can vibrate (24), and in- 
duce vibration the rim the blade. 


prevent external vibrations with 
which the blade can resonate, may 
necessary make the machine and 
its foundation much heavier than 
would required considerations 
strength alone. Such machine, be- 
cause its higher mass and resulting 
higher natural frequency vibration, 
would not induce sympathetic vibra- 
tions the blade, and would tend 
damp unavoidable vibrations 
own moving parts. 


Vibrations have harmful effect 
the running circular blades. this 
connection, Skoglund (20) and 
colm (14) have both discussed the 


importance adequate collars. the 


adopted, the blade will better sup- 
ported and therefore stiffer, and less 
likely vibrate. 


Rotation any disk induces stresses 
it. Centrifugal stresses rotating 
disk are all tensile, according Sto- 
dola (21) and Timoshenko (25), and 
stiffen it, according Den Hartog 
(4). Concurrence with these views 
expressed Barz (3) and Skoglund 
(20) with respect circular saw 
blades. Furthermore, the 
that such tensile stresses are good. 
They disagree with some other workers 
who assert that centrifugal force bad 
because causes the rim expand 
and flutter (18, 
Foyster (6) says that dishing 
certain speeds the centrifu- 

stress near the center the blade. 


parentheses refer the Litera- 
Cited the end this paper. 
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early 1872, Richards (16) re- 
certain point, the rigidity stiffness 
the plate will increase; after this 
begins diminish, until very high 
velocity becomes limber and pliant 
piece paper, and finally will, 
its periphery, assume series undu- 
lations waves, and sensitive 
pressure, the side the plate, 
though were paper.” 

idling blade receives heat from 
the arbor. Its central zone becomes 
warmer than its outer zones, which are 
continuously cooled the passage 
air. Stresses are thereby 
cause the central zone cannot expand 


freely. Barz (3) calculated these 


stresses and combined them with the 
centrifugal stresses. The result indi- 
cates that the thermal stresses may 
more important than the centrifugal. 
Lindholm (11) calculated the critical 
buckling temperature for blades heated 
the central zone. Richards (16) had 
observed this heating the central 
zone and the peripheral zone 
well. wrote: “The least variation 
temperature between the eye and the 
periphery destroys the rigidity the 
plate.” 

Consider next the working blade. 
Further difficulties arise. The torque 
that the blade must transmit the 
teeth will induce shearing stresses 
throughout. When the teeth enter the 
work, the shock induces additional 
stresses and perhaps vibrations. 

The teeth are heated friction 
while they cut, and they tend ex- 
pand into the gullets. some this 
heat transmitted continuous an- 
nulus below the base the gullets, 
however, free expansion restricted 
the cooler zones the blade 
lesser radii. Hence, compressive stresses 
are induced the heated annulus, and 
they tend buckle the blade and make 
flutter. 

Any deviations the blade from 
plane rotation, whatever their cause, 
may induce lateral rubbing against the 
wood and therefore 
Saito and Niga (17) and Skoglund 
(19) have measured the average radial 
temperature distribution rotating 
blade heated friction. Barz (1) has 
shown that bumps produced the 
lateral surface blade previous 
hammering other causes tend ex- 
pand and become more prominent 
the temperature increases. Conse- 

uently, annular zone containing 
these bumps gets warmer for any rea- 
son, the bumps will more likely 
rub the wood. High temperatures, evi- 
denced blue spots, will produced 
these local zones and will cause 
stress concentrations. Permanent de- 
formation often results. 

The thermal gradient working 
blade will never uniform. the 


contrary, unsteady state tempera- 
ture, both radially 
tially, will exist. Computations 
thermal stresses based simplified as- 
sumptions temperature distribution 
are very useful, but are insufficient for 
complete solution the problem. 


important reduce excessive 
thermal gradients least mitigate 
their effects. This may done sev- 
eral means. Cooling the rim the 
blade with water spray common 
Practice sawmills. Heating the 
middle zone the friction packing 
equalizes the temperature various 
radii (6). Tensioning blade counter- 
acts the compressive thermal stresses 
near the rim according Barz (3), 
Lindholm (11), Sugihara (22), and 
Skoglund (20). Expansion apertures 
are made some blades relieve the 
compressive thermal stresses, well 
cool the rim zone. Barz (3) has 
shown the benefits such apertures 
and has recommended additional 
studies. 


Problems with Thin Circular Blades 


The problems thin circular saw 
blades are essentially those circular 
blades general, but greatly magni- 
fied. skillful saw doctor can make 
conventional blades work, but 
should not expected cope with 
these magnified problems. Perhaps the 
most important these stems from the 
fact that the lateral stiffness plate 
directly proportional the third 
power its thickness. Thus, one 
plate made one-half thick an- 
other, its lateral stiffness one-eighth. 
Hence, thin blade very flexible and 
extremely sensitive any disturbing 
influence. follows that such blade 
tends buckle under thermal stresses, 
Lindholm (11) has shown. Since 
excessive tensioning can cause type 
buckling, there results the dilemma 
weaker blade requiring higher 
degree tensioning. 


Apart from the difficulty manu- 
facturing thin, flat blade, there the 
required, conventional means. 
blade could manufactured flat, 
straightened without hammering, the 
hammer marks and the residual stresses 
usually associated therewith would 
avoided, and only the problem ten- 
sioning would remain. Barz (3) has 
described and illustrated experimen- 
tal circular-blade tensioning machine 
with rolls under adjustable hydraulic 
pressure. Such technique would avoid 
the hammer marks addition pro- 
viding more precise control the po- 
sition and magnitude the pressure 
applied. 

The first question considered 
with regard tensioning is: What 
does accomplish, and how? There 
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Fig. 1.—Experimental machine for testing blades. 


appears considerable agreement 
that tensioning tends overcome the 
adverse effects heating near the rim. 
Skoglund (20) and Barz (3) have 
shown that the so-called tensioning 
operation induces residual compressive 
stresses the zone subjected the 
deformation, and residual tensile 
stresses near the rim. These investiga- 
tors account for the beneficial results 
showing that tensioning helps 
counteract the compressive tangential 
thermal stresses induced near the rim 
working friction. 

widely believed that tensioning 
stiffens the blade against lateral forces, 
and permits rotate the desired 
speed without vibrations. How the ten- 
sioning creates these desirable effects 
has been subject considerable 
speculation but little research. 
problem worth considering, because 
the nature the stiffening effect could 
determined, the means providing 
might improved. 

Some hold that tensioning accom- 
plishes its purpose counteracting the 
adverse effects centrifugal forces. 
One such hypothesis (12, 
that the stretching the middle zone 
blade allows the outer zones 
expand. The works Barz (3), Skog- 
lund (20), Stodola (21), and Timo- 
shenko (25) all indicate that, the 
outermost zone, the tangential stresses 
due rotation are lowest, while the 
radial stresses zero. Therefore, 
there cannot greater unit strain 
the outer zones than the inner, since 
elastic body the unit changes 
dimension must proportional the 
stresses. The total elongation the 
rim may greater than that the 
central zone, but the mere existence 
such differential elongation cannot ac- 
count for observed blade vibrations, 
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Table 1. 


Type of blade 


Standard, 
parallel sides 


Standard, 
tapered one side— 


Slats, parallel 
sides 


Experimental, 
tapered 


CIRCULAR RIPSAW BLADE DIMENSIONS 


| Diameter Thickness 
| in. in. | d 
2 3 4 
8 | 0,049 | 6.1 
12 0.072 6.9 
16 0.083 
24 0,120 5.0 


because all rotational stresses are 
tensile. 

said also that the blade needs 
tensioned more for higher than 
for lower speeds (6, 10, 12). 
Whether this requirement due the 
increased rotation alone, the in- 
creased heat cutting, usually not 
stated. Barz (2) has shown that there 
are several critical speeds which 
blades tend vibrate. speeds 
slightly higher lower 
critical speeds, blades vibrated with 
smaller amplitude. 
ing alters these critical speeds open 
question. any event, seems best 
avoid them. 

Several investigators have explained 
how blade, termed loose the center 
because relatively highly tensioned 
state, becomes straight and rotates 
plane when reaches the proper speed. 
They say that the tensioning and con- 
sequent dishing the blade have over- 
come the centrifugal force. would 
perhaps more appropriate say 
that the rotational stresses have bal- 
anced the stresses induced 
middle zones the tensioning, and 
have augmented the stresses near the 
rim. 

may questioned whether too 
much has been placed ten- 
sioning panacea without sufficient 
study its limitations. Many explana- 
havior rotating saw blades seem 
intuitive, without adequate 
foundation theory experiment. 
“But intuition weak reed upon 
which lean when rotation under 
consideration” (23). 

Another possibility for improving 
thin blades modify their geometry 
make them stiffer. For example, 
tapered blades are use for large 


headsaws, shingle saws, and other 
erations requiring deep cut with 

small kerf. Nevertheless, the difficult 
manufacturing such tapered blade 
and the general preference for gan; 
saws have restricted their 

Expansion apertures 
placed circular blades the manu 
during brazing other operations 
generate heat near the rim, reduc: 
thermal stresses during sawing, and 
augment the cooling effect the air. 
Barz (3) has pointed out that the cool- 
ing effect important. the annulus 
question does not reach high 
temperature with the apertures with- 
out them, there obviously less ex- 
pansion. The number, shape, size, and 
come great interest thin blades. 
the variable thermal state could 
rendered harmless 
one great obstacle the use such 
blades would overcome. 

Tooth geometry, tooth wear, and 
cutting forces are especially 
thin blades. Small forces may 
associated with low friction, low ther- 
mal gradients, and little tendency 
buckle. Attainment small 
forces has been the object studies 
several investigators. Reineke (15 
showed how research tooth 
try might lead the use 
blades. Harris (8) pointed out the 
portance tooth angles, gullets, num 
ber teeth, and other factors, and 
the way further research. Endersb 
(5) studied the effect tooth 
the blunting planing knive: 
Franz (7) studied chip formation an: 
cutting forces various cutting angle 
with dry and lubricated stationar 
knife. The correct application thes 
results requires more than 


NOVEMBER, 


= 


Table 2. PHYSICAL CHARACTERISTICS OF SOME 16-IN, DIAMETER EXPERIMENTAL BLADES~ 


Blade Measurements 


| Hub Nominal Ria Nominal Cutting | Sharpness | Clearance | Depth of 
| thickness | hub radius | thickness | angle of angle, 
in. in,. ine. taper, deg. deg. 


angle, 
deg. 


af 


~, Blades 32 and 33 made of 17-7 PH stainless steel. 
7 Average taper of hyperbolic profile. 
Tapered on one side only. 
3 Symmetrically tapered on both sides, 
~, with expansion apertures, 
Chromium plated, in. thick. 


the principles. with blade flat- 
ness, suitable tooth geometry requires 
suitable techniques and equipment. 
one thing adopt suitable design 
tooth; quite another attain 
the precision angles and character 
ground surface required for improved 
performance. 


Space limitations prevent mention 
many other problems circular saw 
blades and sawing, but excellent re- 
port the status research many 
those problems has been prepared 
Lubkin (13). 


Experimentation 


The experimental work was under- 
taken solve specific problems saw- 
ing pencil slats. Blade flatness, vibra- 
tion, thermal effects, blade geometry, 
and tensioning were selected for study. 

Equipment: its present form, 
the equipment consists chiefly spe- 
cial blades and special machine for 
testing them. Fig. shows typi- 
cal experimental blade—diameter 
inches, thickness rim 0.032 inch, 
and thickness hub 0.125 inch. The 
teeth are tipped with tungsten car- 
bide. Fig. shows cross-section 
generalized blade that can any 
thickness, angle taper, and diameter 
hub. 

Table gives the geometry and 
other characteristics some 
mental blades. Most 
either one side only, that is, asym- 
metrically, both sides, symmetri- 
cally. The central, parallel-sided zone 
such blades constitutes integral 
hub flange. 

The teeth were always ground 
and equiangular spacing. 
recess was ground each tooth, and 
tungsten carbide tip was attached 
electrical resistance brazing method 
Wilcox (26). This 
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All blades except 32 and 33 made of saw steel of composition C 0,67, Mn 0.50, Si 0.30, Ni 0.75, Cr 0,60, Mo 0,18, 


method avoids overheating distort- 
ing the thin blade. The brazed, re- 
newable teeth were adopted chiefly 
constant diameter, rim 
thickness, and cutting speed. addi- 
tion the brazing method reported, 
technique was developed whereby the 
teeth could accurately ground the 
geometry and surface finish desired. 
slow rate blunting may expected 
from tungsten carbide teeth with 
large sharpness angle (Fig. and 
with smooth cutting edge, judging 
the research Endersby (5). 


Standard tools for flattening and 
tensioning circular blades were used 
the initial experiments. Later ten- 
sioning machine, which resembled 
band-saw stretcher, was built (Fig. 3). 
means for horizontally centering 
any selected annulus may pressed 
between pair power-driven, hard- 
ened steel rolls. hand 
pump, pressure gauge with maximum 
hand, and ram, permit the rolls 
exert much 20,000 pounds force 
while slowly rotating the blade along 
the selected annulus. Each roll 
inches, with its rim curved 
9-inch The shape the rolls 
and the force them produce pres- 
sure sufficient deform the metal 
plastically, and leave residual stresses 
similar those induced hammer- 
ing, but without the hammer marks. 


The experimental machine for test- 
ing blades while idling sawing com- 
prises the following: horizontal belt 
conveyor for blocks; feeding mecha- 
nism variable feet per minute; 
pulley-driven arbor with two thick, 
16-inch-diameter blades for edging all 
blocks; and two additional arbors 
series, each for single experimental 
blade, shown Fig. Each the 
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Fig. asymmetrically-tapered 
experimental blade. 


Fig. 3.—Hydraulic tensioning machine. 


blades turn can saw one slat from 
the advancing block. Both arbors are 
driven directly motors. One these 
operates 3,450 3,600 rpm; the 
other has variable speeds from 1,000 
5,000 rpm. 

Instruments were developed meas- 
ure the deviations the blade while 
idling sawing. One type device 
measures varying electrical capaci- 
tance. fixed, circular, 
meter plate, called probe, and the 
blade constitute capacitor whose 
capacitance function the inter- 
vening distance. The probe main- 
tained 0.100 inch from plane 
rotation the blade and radius 
annulus changes its distance from the 
small fraction the nor- 
mal distance, say percent 0,001 
inch, the corresponding change ca- 
pacitance almost linearly propor- 
tional and can measured accurately. 
The amplified current fed three 
devices: milliammeter whose needle 
indicates the average deviation the 
annulus from the reference plane; 
device disconnect all motors the 
blade deviates 0.010 inch for about 
1/6 second; and cathode ray oscillo- 
scope. The oscilloscope connected 
magnetic transducer, which senses 


407 


ation 
48-50 0.122 0,032 0.7537 35 47.5 | 75 0.44 
4 ». il i 
O} im 3 = 
air. 
ulus 
ex- 
and 
be- 
ded, : 
such 
and 
ther- 
num 
rsb 
gle 
gle 
hes 


Fig. 4.—Oscillographs flat blade, 34, {right) and one which 
not flat, 31, (left) both rotating 3,450 rpm. 


each revolution the arbor. Thus the 
oscillograph pattern along 
zontal axis represents the position 
the selected annulus during integral 
calibration, one small square 
cal direction corresponds about 
0.001 inch deviation the blade from 
the plane reference. the blade 
perfectly flat, its oscillograph 
straight line along the horizontal axis. 
the blade dished out, but 
retains radial symmetry, the oscillo- 
graph remains straight but moves ver- 
tically away from the horizontal axis. 
the blade has twisted, undulating, 
bumpy contour, standing waves 
are induced it, the oscillograph will 
wavy line, the blade had 
been rotated against fixed-dial gauge 
and graph had been made connect- 
ing large number measurements 
around the selected annulus. Vibrations 
that not repeat each revolution 
sult two, three, more graphs vis- 
ible simultaneously. 


Experimental Work: Blade 
measure flatness, not only for blades 
with parallel sides but also for those 
with tapered profiles. The word 
obviously cannot apply the contour 
the blade faces. this study 
applied undistorted blade, that is, 
blade ground from flat plate with- 
out residual stresses. Thus, flat 
blade symmetrical cross-section, the 
median surface would plane. 
flat blade tapered only one side, the 
other side would plane. For the 
purpose these experiments, blade 
with maximum 0.003 inch devia- 
tion from plane reference 
annulus about inch from the rim 
was called 

straightedge was used measure 
flatness during the initial experiments. 
This method has been de- 
tail many manuals the mainte- 
nance saw blades (6, 12, 18). Al- 
does not measure flatness with the 
precision required. dial gauge was 
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Table 3. EXPERIMENTAL KLADES WITH EXPANSION APERTURES 


Blade no, 


used greater advantage. The saw 
blade was mounted arbor be- 
tween collars and tightened with nut, 
that the sides the central part 
hub the blade were tightly clamped 
between flat plates right angles 
the arbor, and therefore acted planes 
reference. mounting the dial 
gauge adjacent the saw, was then 
possible measure the deviation 
around any desired annulus many 
positions desired. This method 
showed any distortion that needed 
removed. 


learn whether the blade was 
stable, that is, whether remained 
flat during idling and also during saw- 
ing, was necessary provide means 
dynamic measurement. After the 
ments already described, blade could 
mounted arbor and easily 
tested for flatness first turning 
manually and then rotating vari- 
ous speeds. All experimental blades 
were tested this way after each stage 
manufacture, including the attempts 
flatten them, the brazing the 
tungsten carbide tips, and forth. The 
traces produced the oscilloscope 
each rotating blade were photographed 
provide permanent record. 

Hammering blades was one method 
used flatten them. For example, 
blades and (Table were ham- 
mered. the beginning, was not 
possible saw slats with these blades 
for more than few seconds. When 
the more accurate testing method be- 
came available, the same blades were 
hammered again. When they reached 
the desired degree flatness, they 
were used again sawing 
ments. These flattened blades sawed 
slats during several runs about 
minutes feed speed feet per 

leverage suff.cient stress blade 
beyond its yield point was sometimes 
applied flatten twisted blades while 
they were the arbor. Bumps that 
could not removed this method 
were flattened with rawhide hammer. 


Number and shape 


none 


slits, 1/4 x1 
rounded at ends 


Expansion apertures 


Position 


\terminating in hole, 
diameter 


section with every 
fifth gullet 


Below base of each tooth, 
equidistant from 
adjacent gullets 


Radially from below 
bese of each tooth, 
equidistant from 

adjacent gullets 


another method, the blade 
mounted lathe. While the blade 
slowly rotated special chuck, 
mounted the tailstock 
into contact with the blade, with 
force sufficient bend beyond 
flat position. Upon removal 
force, the blade returns, 
part the distance through which 
was bent. 


Although these methods were suc- 
cessfully employed flatten many 
perimental blades, was thought 
sirable study the manufacture 
several blades from the original 
stock see whether they could 

manufactured flat condition. 
Such study was made for blades 
35, which were made two typcs 
steel, shown Table The heat 
treatment employed for hardening and 
tempering these blades was appropri- 
ate for the particular steel. 
other respects, the four blades passed 
through the same manufacturing oper- 
ations. They were placed clamps 
during the tempering, subse- 
quently were ground with great care, 
including precautions avoid local 
heating. These efforts resulted three 
blades that were well within the de- 
sired tolerance flatness, while the 
fourth, 32, exceeded the tolerance 
only inch. 


Fig. shows oscillographs blades 
and 34, tipped with tungsten car- 
bide, but otherwise left the original 
manufactured condition. Blade has 
the smaller hub and was made without 
the special procedures described for 
blade 34. 

Vibration: The term 
used herein describe any behavior 
rotating blade that results two 
more simultaneously 
ference the oscillograph 
from the static distortion. 

All untensioned experimental 
were mounted the arbor and 
tated various speeds from 
1,000 5,000 rpm. the speed 
increased from 1,000 about 
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Fig. 5.—Oscillographs 


rpm; right, 3190 rpm. 


Fig. 6.—Effect tension resistance blade oxyacetylene 
flame 3,450 rpm. Top, not tensioned; bottom, tensioned. No. 


flame; No. flame. 


rpm, some blades became slightly flat- 
ter along part the scanned annulus. 
the speed was increased above 
3,100 rpm, all the tapered blades ex- 
hibited gradually increasing deforma- 
tion. Complex vibrations, indicated 
complex oscillograph patterns, some- 
times speeds about 100 
rpm higher, sudden change took 
place. The vibrations ceased 
oscillograph assumed new form that 
indicated marked improvement 
flatness. the speed was increased 
further, the phenomenon recurred 
several speeds. These results resemble 
those Barz (2). 


The oscillographs flat blade 
rotating several speeds are shown 
Fig. Since this blade 
trically tapered, dish to- 
ward the tapered side, shown 
higher average position the graph 
higher rotational speeds. 

Tensioning blade improve its 
stability desirable speeds has been 
practiced, already mentioned. Re- 
sults rotating experimental blades 
tensioning will described 
under the tensioning experiments. 

Thermal Effects Static and Rotat- 
ing Blades: Experiments were made 
measure temperature and observe its 
effects. For static tests, the blade was 
laid upon perforated block wood 
with thermocouples attached 
cessed springs. Wires passed out the 
bottom through 
switch potentiometer. The ther- 
mocouples constitute measuring stations 
inch apart along several radii. 

Some steel blades inches dia- 
meter and about 0.50 inch thick were 
These were unplated; plated 
with chromium; and plated with cop- 
per, nickel, and chromium. The copper 


blade showing effect rotational 
speed vibration. Top left, 2630 rpm; right, 3250 rpm; lower left, 


FOREST PRODUCTS JOURNAL 


was 0.0001 inch. this each face. 
These blades were heated the fric- 
tion diameter wooden 
dowel rotating drill press. Similar 
tests were made when the source 
heat was electric soldering iron with 
molten solder its extremity con- 
tact with the blade. 


The temperature all blades rose 
rapidly near the heat source and slowly 
elsewhere. The temperature distribu- 
tion all blades was nearly the same. 
Although the diffusivity copper 
about ten times that the steel, the 
thin-plated layer did not contribute ap- 
preciably the diffusion 
Blades with polished surface ab- 
sorbed heat somewhat 
than did unpolished blades. The differ- 
ences rate temperature change 
all the blades can attributed almost 
entirely their surface characteristics. 

After each blade had reached 
steady state temperature, max- 
imum 400° under the heat 
source, orifice nozzle 
emitting compressed air psi was 
directed the area contact. This 
can likened the air flow past the 
blade during rotation. The cooling 
effect the air was very striking, and 
suggests the possibility better air 
cooling modification blade geom- 
etry and surface characteristics. 

For rotating blade, the temperature 
reached various annular zones was 
measured special paints, various 
melting points, applied the back 
the blade radial streaks. The blade 
was heated oxyacetylene flame 
held inch distant from the front, tap- 
ered side, any chosen radius. When 
the flame was applied below the gullets 
7.5 in.) any asymmetrically 
tapered blade, the rim tended move 


laterally toward the tapered side. This 
outward dishing resembles the dis- 
placement induced the transverse 
moment the rotational forces. Dis- 
tortions already existing the blade 
tended increase. Additional heating 
induced larger deflections buckling 
the heated zone. Fig. shows the 
oscilloscope trace for blade with 
and without the oxyacetylene flame. 
Fig. shows the temperature distribu- 
tion buckling. When the water spray 
simultaneously impinged the blade, 
the subsided immediately. 


The blade was also heated the 
friction wooden stick pressed 
against the front, tapered side. For 
friction 7.5 inch, the rim dished 
outward and its distortions increased. 
Severe buckling followed. 
tion 5.0 inches, the rim dished 
inward. Distortions already existing 
the blade tended decrease. Heating 
the middle zone similar effect 
mechanical tensioning. Barz (3), 
Lindholm (11), and Sugihara (22) 
have used this analogy estimate the 
state stress induced tensioning. 


When the water spray was turned 
during the rubbing, lubricating 
effect was felt immediately. Any oscil- 
lations subsided. Fig. shows the 
temperature distribution blade 34, 
with and without the water spray dur- 
ing frictional heating. 

Other methods counteracting ad- 
verse thermal gradients were studied. 
Among these were tensioning the blade 
and putting expansion apertures it. 
These methods will described later. 

Blade Geometry: Some criteria for 
suitable blade geometry can de- 
scribed follows: 

The blade must deliver the neces- 
sary torque the teeth without vibrat- 
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ing buckling. must resist lateral 
deflection the teeth caused slight 
deviations the direction feed 
nonuniformity the wood each 
side the blade, such occurs when 
sawing parallel the growth rings. 


The thickness tapered blade 
must not increase radially enough 
split the slat from the block pull 
the block outward, away from the 
fence. The taper must not cause the 
slat force the blade toward the 
fence. 


must remembered that the slat, 
sawn from the block, advanc- 
ing along the tapered blade toward 
zones increasing thickness. soon 
the blade thickness has increased 
more than the clearance set the 
teeth, the slat will begin 
against the side the blade. The op- 
posite forces thus generated will tend 
make the wood deviate outward and 
the blade inward. 


Heat will generated the 
friction caused the advancing slat 
rubbing against the blade. The tem- 
perature and thermal gradient will de- 
pend thickness, grain, and other 
characteristics the wood, and 
taper, surface characteristics 
tional speed the blade. Tooth geom- 
etry affects the generation heat near 
the rim. These several factors must 
regulated generate the least 
possible heat. 


other tests, the oscillograph in- 
dicated the position the blade near 
the rim, while idling sawing. The 
ammeter gave information regarding 
the energy requirements. The examina- 
tion the blade and the wood for 
rubbing, the measurement the tem- 
perature the blade, the measurement 
slat thickness, and other visual ob- 
servations facilitated the evaluation 
experimental blades. 


Blade which had degree 
taper one side for 2.5 inches was 
first tried find the optimum taper. 
Various experiments sawing slats 
slow speeds showed that the taper was 
not excessive. Blade with original 
taper 1.5 degrees, was then tried. 
Severe heating occurred annulus 
from 3.5 3.9 inches indi- 
cated the rubbing the slat against 
the blue lacquer previously applied 
the surface the blade. Excessive 
taper also resulted splitting the 
slat off the block before the upper rear 
corner could sawn. This blade was 
reground several times. such experi- 
ments, the best taper for sawing pencil 
slats with asymmetrical blade was 
found 0.75 degree. The max- 
imum allowable taper was determined 
degree. The tips the teeth 
protruded 0.1 inch from the top 
the block. 
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Fig. 7.—Radial temperature distribution 
time buckling blade Fig. 


Some studies were made the path 
that the slat took was deflected 
from its straight-line forward motion. 
can shown that the slat first 
clings the side the blade and 
then moves away from line 
tangent hyperbola along the sec- 
tion the blade parallel the bed 
the machine. was found that the 
blade could strengthened taper- 
ing parts it, especially near the hub, 
hyperbolically rather 
This subject has not yet been pursued, 
example geometric strengthening. 


Since the depth cut was constant, 
the integral hub, always about 0.125 
inch thick, was made larger dia- 
meter successive blades, stiffen 
them. The collars were made inch 
less diameter than the integral hub 
order clear the bed. 


The with tooth geom- 
etry were made utilize information 
already obtained others. the ex- 
periments progressed, the gullet size 
was reduced hold chip sawn 
maximum feed rate feet per 
minute for 30-tooth blade, rotating 
3,450 rpm, maximum bite per 
tooth 0.009 inch. The volume 
wood removed for kerf 0.050 inch 
1.17 Since the thickness 
the blade 0.032 inch, neglecting 
taper, the gullet area ought 0.11 
in?, when the factor recommended 

The cutting angle the tooth was 
reduced from degrees degrees 
during the course the studies. Meas- 
urements slats sawn during various 
experiments and observations the 
oscilloscope indicated that the lower 
angle caused less deviation the 
tooth wood sawn parallel the 
growth rings. Also, was possible thus 
increase the sharpness wedge 
angle from 42.5 47.5 degrees. The 
advantages high sharpness angle 
have been described Endersby (5). 
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Fig. 10.—Radial temperature distributio: 
state. 
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Fig. 8.—Radial temperature distribution 
induced stick friction blade 
steady state. 


Tensioning: The tensioning was 
first done hammer and anvil con- 
nection with straightening the blade. 
Blades and 13, for example, 
were tensioned. tapered blade 
technique measure tension. 


Upon completion the hydrauli 
tensioning machine, concentric 
could rolled into blade 
radius, The total force the rolls 
give adequate tension certain 
was about 12,000 pounds. 

suitable radius for tensioning 
against the rotating blade the mic 
dle zone. Such thermal tensioning, 
may termed, resembles the 
called packing described 
authors, including Foyster (6) 
Simons (18). causes 
trical blade dish inward, that is, 
the opposite direction that 
friction near the periphery. 
radii for the tapered 16-inch blade: 
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with integral hub, were found 
between 3.5 and 4.5 inches. Each blade 
was rotated various speeds, and its 
was studied. Tensioned 
became flatter, with few excep- 
ions. The critical speeds vibration 
vere not always the same before 
ensioning; the amplitude vibration 

The wooden stick previously de- 
was pressed against the tapered 
ide the blade radius about 
vere created. the rim the blade 
han 0.003 inch, moved that ais- 
ance toward the tapered side, the 
was retensioned with greater 
stable, was considered suitable for 
sawing trial. 

There are several disadvantages 
this method testing for adequate ten- 
sion, thermal stress and lateral 
force act the blade simultaneously. 
Their combined effects are interest, 
but would desirable also 
analyze them separately. The experi- 
ments with oxyacetylene torch, al- 
ready described, permitted the creation 
thermal gradient without sig- 
nificant lateral force. Fig. shows the 
effect the oxyacetylene flame 
blade before after tensioning. 
The thermal gradient was the same 
shown Fig. 

Some exploratory studies were made 
four blades with expansion aper- 
tures. Since there infinite num- 
ber possible types apertures 
(generally called expansion slits 
holes), these blades represent only 
convenient beginning such experi- 
ments. The necessary width each 
aperture permit free expansion 
the blade given zone can cal- 
culated from the blade geometry, the 
thermal properties the steel, and 
the expected rise temperature. For 
the experimental blades with aper- 
tures, this width radius inches 
was calculated 0.002 inch for 
temperature rise 200° The actual 
experimental expansion apertures were 
made much larger for simplicity 
manufacture. Details the apertures 
these four experimental blades are 
given Table 

The four untensioned blades were 
painted one side with temperature- 
sensitive lacquer, successively mounted 
the arbor, rotated 3,450 rpm, and 
heated the oxyacetylene flame. After 
cach experiment, the blade 
and examined for the tempera- 
reached various annular zones. 

The dynamic behavior 

with time shown Fig. 

\ll four blades exhibited trembling 
between and seconds after 

flame was applied. The temperature 
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Fig. 9.—Dynamic behavior blades with and without expansion apertures 
under the influence oxyacetylene flame. 


gradient was then essentially the same 
for all four blades. 

Definite vibrations were first evi- 
dence the blades times varying 
from seconds, with the excep- 
tion blade 74, which showed 
vibration after the initial trembling. 
The vibrations developed blades 
and were sustained for the duration 
the test, while those developed 
blade died out almost immediately. 


The temperatures after minutes 
are shown Fig. 10. The difference 
maximum temperature achieved 
attributed the slightly different times 
exposure the flame, and the 
cooling effect the turbulence created 
the apertures. 


Application Results: From time 
time, blades selected characteris- 
tics were used saw slats experiment- 
ally various rotational and feed 
speeds. Several runs few 
minutes were made, during which the 
blades functioned without significant 
heating vibrations. Water spray 
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kept the blades cool and clean, and 
permitted certain otherwise unaccept- 
able blades function. general, all 
these studies pointed the efficacy 
making, testing, and using thinner cir- 
cular saw blades. 


the basis these results, pilot 
machine using tapered blades was de- 
veloped for the pencil 
slats (Fig. 11). consists essentially 
heads, and two parallel-sided, 
16-inch, 
saws make the block 2.63 inches 
high 2.755 inches wide. Thereafter, 
the blocks pass tapered, 16-inch, 
tungsten-carbide-tipped blades like 
65E described Table Each 
blade placed front the preced- 
ing one, and offset that saws 
single slat. Each blade has direct- 
drive, 5-hp motor that rotates 3,450 
rpm under full load. Magnetic trans- 
ducers instead capacitance probes are 
provided for each blade permit the 
constant observation its dynamic 
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behavior. Furthermore, they protect 
automatically switching off all 
motors, including the feed, whenever 
the deflection exceeds 
limit. The blades can constantly 
sprayed with liquid. 
plastic hood covers all the blades. This 
machine will used evaluate blades 
production basis. 


Initial trials resulted the sawing 
slats with average thickness 
0.207 inch. The average kerf was 
0.048 The decrease 
product from the same raw material. 


Conclusions and Recommendations 


Thin, tapered blades can and 
should made and maintained flat 
without hammering. 


Vibration rotating blade 
can prevented proper manufac- 
turing, avoiding extraneous vibra- 
tions, including axial movement the 
arbor, avoiding critical speeds 
rotation, using large and accurate 
collars, and avoiding objectionable 
thermal stresses. 


Centrifugal force may cause 


bration distorted otherwise un- 
balanced blade. other respects, cen- 
trifugal forces are beneficial because 
they tend flatten the blade, increase 
its natural frequency vibration, and 
counteract compressive thermal stresses 
near the rim. 


Thermal stresses caused heat- 
ing near thin rim should pre- 
vented. Suitable teeth reduce cutting 
friction. smoothly rotating 
blade avoids excessive lateral rubbing. 
Cooling the outer zones heating the 
inner zones reduces the thermal gra- 
dient. Expansion apertures cool the 
blade and relieve compressive stresses 
near the rim. Tensioning counteracts 
such stresses. 


Metallurgical studies should 
directed toward saw blade regarded 
vehicle for replaceable teeth. 

Hydraulic pressure rolls are bet- 
ter than hammer for controlling the 
position, magnitude, and uniformity 
tension. 

The stresses induced blade 
tensioning have been explained 
part other investigators. theory 
describe all the ramifications ten- 
sioning can developed only after 
the tensioning stresses can meas- 
ured. Nevertheless, clear that ten- 
sioning induces tangential tensile 
stresses the outer zones, thereby 
counteracting compressive thermal 
stresses. does compensate for the 
expansion the rim due centrifugal 
force, but, the contrary, augments it. 

Thin blades can tipped with 
tungsten carbide without danger 
annealing buckling. The diameter 
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and the rim thickness tapered 
blade can thus kept constant. 


Thin, tapered, carbide-tipped cir- 
cular blades, mounted suitable 
machine, can saw incense-cedar 
depth 2.6 inches with kerf less 
than 0.050 inch feet per minute. 

The studies described herein are con- 
tinuing. More research circular saw 
blades and other phases wood ma- 
chining needed create basis for 
improvements the sawmilling and 
remanufacturing industries. provide 
blades and machinery for specific oper- 
ations, industrial research and develop- 
ment also are essential. 
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INDICES QUALITY... 
Vibrational Properties Wood 


JAYNE 
Vibration offers promising 
method for non-destructive 
testing wood. The author 
shows that the characteristics 
clear wood can 
estimated accuracy 
heretofore considered 
unattainable. 


OOD, WITH ITS INHERENT VARIA- 

TION, has been severely penal- 
ized when subjected the competition 
structural materials possessing more 
uniform mechanical properties. One 
need look further than its waning 
market competition with other 
building materials and the over-design 
tures. This situation stems largely from 
structural design data for wood that 
calls for reduction the strength 
every piece lumber value virtu- 
ally equivalent that the weakest 
piece its particular grade. Such prac- 
tices are necessary currently allow 
for the inherent strength variation 
wood. 

knowledge the characteristics 
each piece lumber could much 
avoid this undesirable situation. Ma- 
terial superior quality could then 
designated for critical uses, and stock 
poorer quality could relegated 
uses where strength and stiffness are 
not important. The need calls for 
non-destructive test that can used 
estimate the stiffness wood flex- 
ure and compression well bend- 
ing and maximum crushing strength. 

The relation modulus elasticity 
the resonant frequency non- 
destructive vibrational test has been 
known for more than 100 years. Ac- 
cording Todhunter and Pearson (5), 
Savart, French physicist the early 
century, was one the first sci- 
compute the modulus 
clasticity iron bar from the reso- 
nant frequency longitudinal mode 
vibration. short time later Lager- 
[see Todhunter and Pearson 
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Fig. 1.—Apparatus used for non-destructive testing. (See 
text for meaning symbols.) 


with his own experimental determina- 
tion 1070 from the results static 
that this marks the first attempt com- 
pare elastic constants computed from 
dynamic mechanical tests. 
Since this early attempt, however, nu- 
merous investigators have made simi- 
lar comparisons using not only the 
longitudinal mode vibration esti- 
mate the modulus compression and 
tension but also utilizing the resonant 
frequency flexural modes com- 
pute modulus elasticity bending 
and the torsional mode for calculation 
the shear modulus. For wood 
particular, the work Kitazawa (4) 
and later Bell (1) has demon- 
strated clearly the possibility using 
vibrational characteristics for estimat- 
ing the static modulus elasticity. 

However, just complete descrip- 
tion the static mechanical properties 
material not restricted modu- 
lus elasticity alone, the dynamic 
mechanical characteristics material 
are specified several indices other 
than the natural frequencies vibra- 
tion. One these dynamic energy 
loss. object set into resonance 
maintained motion continued ap- 
plication periodic force. the 
exciting force removed, vibration 
gradually recedes rate that log- 
arithmic with time. This decay 
damping vibration can expressed 
the logarithmic decrement (8), the 
slope free vibrational decay curve 
logarithmic time, Aw, work 
loss during vibrational decay. Energy 
loss vibrating system can ex- 
pressed also the sharpness 
resonance vibrating system which 
tan the phase angle between stress 

contributed paper received June 1959. 

Todhunter and Pearson (5) provide units 


measurement for the moduli elasticity re- 
ported. 
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and strain. can shown mathemati- 
cally that these measures are closely 
associated with the static creep well 
the stress relaxation characteristics. 


Studies the mechanical properties 
plastics and textiles, both which 
are and such resemble 
wood, suggest that energy loss due 
large part the configuration 
their constituent molecules. The fre- 
quency and temperature sensitivity 
this property suggests that molecules 
several lengths having different 
types intermolecular associations 
may involved during deformation. 
Due largely the empirical nature 
the static mechanical properties, such 
those obtained from the data 
load-deformation tests, has not been 
possible obtain exact relationships 
with measures dynamic energy loss. 
Nevertheless, its close association with 
static non-elastic characteristics sug- 
gests the possibility statistical rela- 
tionships heretofore unrecognized. 

Recently, Galginatis (2) re- 
ported empirical relationship be- 
tween the maximum crushing strength 
short specimens wood and the 


where equals density 


and and are resonant frequency 
and logarithmic decrement, 
tively, the first harmonic longi- 
tudinal vibration. The regression ex- 
hibited exceptionally high degree 
correlation. Furthermore, these inves- 
tigators were able demonstrate the 
effectiveness logarithmic decrement 
for estimating glue-bond quality 
wood laminates. This type non- 
destructive test also has 
been reported Jayne (3). 

The existence few exact rela- 
tionships between the static and dy- 
namic mechanical properties coupled 
with the fact that both involve force 
and its resultant deformation 
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Fig. 2.—A frequency response curve. 


suggests the existence other valuable 
associations. Unfortunately, the em- 
pirical nature many static mechanical 
properties virtually eliminates the pos- 
sibility fundamental relationships 
other than the various moduli. Never- 
theless, empirical relationships may 
exist which can defined statistically. 

Since dynamic properties can ob- 
served without inflicting damage 
member, they should haye unlimited 
value for the classification struc- 
tural material, such lumber, into 
various categories according mechan- 
ical properties. Currently, segregation 
undertaken grading; procedure 
which best can only broad 
ment rather than technical data within 
the confines statistical probabilities. 
the other hand, non-destructively 
measured vibrational properties, which 
are Closely associated with such prop- 
erties static stiffness 
bending strength structural lumber, 
conceivably can act major supple- 
ment some instances replace- 
ment for visual inspection. 


The benefits are obvious. Reduction 
mechanical properties due varia- 
bility and conservative estimation 
the strength wood species can 
eliminated measurement the 
characteristics each piece. Such 
procedure should result not only 
improvement design practices cur- 
rently followed with wood but also 
vastly improve its competitive position 
with other building materials. The de- 
sign laminated beams with various 
grades lumber could undertaken 
much more intelligent basis when 
the properties each lamination are 
known fabrication. For this use 
alone, such method might pay for 
itself over relatively short period. 


Scope 


program research was under- 
taken verify the degree 
tion between the moduli elasticity 
wood measured dynamically and 
statically. The study provided also 
opportunity examine any relation- 
ships between static mechanical prop- 
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erties other than stiffness 
teristics determined vibrationally. 
sample clear Sitka spruce, repre- 
sentative wide range specific 
was employed experimental 
material. The resonant, damping, and 
static strength properties several 
specimens were measured and com- 
pared statistically well known 
mathematical relationships. 


Experimental 


Material: Specimens were selected 
from clear, straight-grained Sitka 
spruce. order insure range 
wood qualities the experimental stock 
was chosen from material which ex- 
hibited growth ring counts ranging 
from rings per in. total 
specimens were sawn rough di- 
conditioned uniform moisture 
content per cent. Subse- 
quently the specimens were machined 
final dimensions approximately 
0.6 0.8 in. such manner 
that the growth rings were oriented 
perpendicular the wide face. 


Testing Apparatus and Procedure: 
Past research has shown that the most 
reliable and accurate measures dy- 
namic properties can obtained 
using electronic instruments for induc- 
ing and recording vibratory motion. 
The apparatus used this investiga- 
tion shown diagrammatically 
unit (C) induce vibration operated 
from the amplified output (B) 
ordinary audio-signal generator (A). 
Beam vibration was transduced 
electrical signal means photo- 
electric cell its output was ampli- 
fied (E) and recorded oscillo- 
scope (G) and voltmeter (F) arranged 
parallel. second audio-signal gen- 
erator (H) was employed for fre- 
quency-matching purposes. 


Each test specimen was supported 
above the throat the speaker-driver 
approximately 0.15 in. Supports were 

laced near the nodes for the 
fundamental frequency minimize ex- 
ternal sources damping. Using the 
driving audio-signal generator (A) the 
frequency the speaker driver was 
adjusted the fundamental resonant 
frequency the specimen. Resonance 
was determined observing the maxi- 
mum voltage output the photo- 
electric cell either the oscilloscope 
Its frequency was noted 
from calibrated dial the driving 
audio-signal generator. Knowing reso- 
nant frequency, weight, and dimen- 
sions the dynamic modulus elasticity 
each beam was calculated from: 


where dynamic modulus 
elasticity bending, 
per sq. in. 


fundamental resonant 
frequency, cycles per 
sec. 


and breadth, depth, and 
length specimen, 


The damping capacity each spec- 
imen was measured observing its 
amplitude response range fre- 
requency response curve vibrat- 
ing system shown Fig. with the 
equation for computing 
decrement. The solution the equa- 
tion requires knowledge the reso 
nant frequency and width the 
quency response curve. Resonance wa: 
determined noted previously. 
width the response curve pre. 
determined amplitude, was 
tained adjusting the two audio 
equal amplitude, one each side 
the response curve. When placed 
the vertical and horizontal deflection 
plates the oscilloscope, these 
frequencies formed Lissajous 
that migrated through series forms 
rate equal the difference fre 
quency, Af. obtain the 
frequency, the migration was timed 
with ordinary stop watch. order 
reduce the equation shown 
Fig. simplified form was 
taken either 0.500 0.707 A,. 

Following vibrational testing, all 
specimens were tested destruction 
static bending Baldwin hydraulic 
testing machine operated platen 
speed 0.078 in. per minute. Each 
specimen was loaded its radial face 
over 13-in. span. Values fiber 
stress proportional limit, modulus 
rupture, and modulus elasticity were 
computed from the results 
tests. section for the determination 
specific gravity wt. and vol.) 
and moisture content was taken from 
each specimen immediately after com 
pletion the static test. 


Results and Discussion 


The relationship the dynamic anc 
static moduli the spruce specimen: 
shown Fig. Although there 
some scatter about the solid regressio: 
line, the per cent confidence limits 
indicated the dashed lines, 
set approximately +100,000 Ib. 
sq. in. correlation coefficient 0.9° 
indicates that the regression account 
for more than per cent the varia 
tion. The plotted points are mor 
heavily concentrated below the 
broken line than above, hence, the 
namic test will yield slightly highe 
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Fig. 3.—A regression the static modulus 


elasticity the dynamic modulus. 


value the modulus than its static 
Other investigators (1, 
have reported similar findings. Never- 
theless, the lower confidence limit can 
taken safe estimate the static 
modulus. 

The relationship modulus rup- 
ture specific gravity (p) the 
spruce specimens shown Fig. 
Its per cent confidence limits are 
set 2,450 per sq. in. and its 
correlation coefficient only 0.267. 
Obviously the regression accounts for 
little variation bending strength. 
the other hand, plot modulus 
rupture over the ratio specific grav- 
ity logarithmic decrement p/8 
characterized correlation coefficient 
0.824. The regression accounts for 
per cent the variability bend- 
ing strength and, pictured Fig. 
the confidence limits are reduced 
+1,450 per sq. in. The regression 
Fig. demonstrates that the same 
quantity, p/8, can used estimate 
the proportional limit stress within 
approximately +1,000 Ib. per. sq. in. 

well known that mechanical 
properties wood, such bending 
strength and proportional limit stress, 
are closely associated with modulus 
elasticity. would seem, therefore, 
that the dynamic modulus might serve 
strength. shown Fig. the cor- 
relation possesses confidence limits 
Ib. per sq. in. Furthermore, 
since modulus elasticity related 
directly and logarithmic decrement in- 
versely bending strength appeared 
that regression bending strength 
offered possibilities narrow 
even more the confidence limits for 
estimating modulus rupture. The 
plot with limits approximately 

Ib. per sq. in. shown 

‘ig. should pointed out that 

independent variable, involves 

requency, weight, dimensions, and the 
capacity the For 
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comparison the confidence limits the 
regressions shown Figs. are 
listed Table 

All values the functions used 
independent variables are subject 
precise non-destructive measurement 
with only minimum conventional 
electronic equipment. should 
noted that the limits estimate made 
possible categorize the material 
tested increments about 200,000 
per sq. in. for modulus elasticity 
and approximately 1,800 Ib. per sq. in. 
for bending strength. 

Although the non-destructive data 
permitted much more accurate 
mate mechanical properties wood 
than density alone, paramount that 
the limits variability reduced 
even more that the characteristics 
wood can estimated within more 
that the damping capacity wood was 
measured only the fundamental re- 
sonant frequency. Its measurement 
harmonic frequencies together with in- 
formation the natural amplitude 
vibration during resonance may pro- 
vide the extra data needed narrow 
significantly estimation bending 
strength. 

Since stiffness primarily, but also 
bending strength, are the two criteria 
upon which beam design rests, tech- 
nique for their evalution non-destruc- 
tively should receive wide use. The 
data shown herein demonstrates con- 
clusively that both can measured 
accurately and rapidly using conven- 


SPECIFIC GRAVITY (e) 


Fig. 4.—Relationship between modulus rupture 
and specific gravity 


tional electronic equipment. The limits 
within which 
were estimated attest the superiority 
the method over either visual in- 
spection the use density alone 
criterion strength. 


Currently, structural lumber segre- 
gated into strength and stiffness clas- 
though this type segregation 
founded years experience backed 
great number laboratory tests, 
fails take into account minute dif- 
ferences wood structure. well 
known, these minute differences can 
have tremendous effect the mech- 
anical properties wood. has been 
demonstrated that vibrational non- 
destructive test has the capability 
discerning these differences between 
pieces wood that the eye senses 
cannot perceive. Applied structural 
lumber, the vibrational technique could 
account for differences be- 
tween pieces and provide precise clas- 
sifications using critical mechanical 
properties basis. The result—each 
piece will judged more nearly 
its merits, not that assumed for the 
species. 

The selection stock for laminat- 
ing may fertile area for exploita- 
tion this technique. knowledge 
the characterictics the compo- 
nents, will not only provide specific 
design data for each laminate but also 
make possible beam fabrication for 


Table LIMITS REGRESSIONS USED FOR 
ESTIMATING WOOD MECHANICAL PROPERTIES 


Confidence limits, 


Regression lb. per sq. in. 
Static modulus elasticity over dynamic mod- 

Modulus of rupture over specific gravity ~.---~- +2,450 
Modulus rupture over the ratio specific 

gravity logarithmic decrement 
Proportional limit stress over the ratio specific 

gravity to logarithmic decrement ~-~---~~_---~~- +1,000 
Modulus of rupture over dynamic modulus of 

Modulus rupture over the ratio dynamic 

modulus elasticity logarithmic decrement +900 
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Fig. 5.—Regression modulus rupture the ratio 
specific gravity logarithmic decrement 
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Fig. 7.—Regression modulus rupture the 
dynamic modulus elasticity. 


particular use designating appro- 
priate qualities stock for selected 
positions. 

This technique for estimating mech- 
anical 
lends itself use some stage 
lumber manufacture, preferably after 
drying and final machining. For great- 
est efficiency, sensing system must 
capable estimating accurately the 
weight, length, width, thickness, reso- 
nant frequency, and damping capacity 
each board. Measurement each 
during manufacture with simple elec- 
tronic equipment within the realm 
practicability. Weight can meas- 
system; dimensions can determined 
using sensitive microswitches linear 
differential transformers; 
quency and damping capacity can 
sensed means system similar 
that described previously. Once 
variables have been converted elec- 
trical quantities computor 
vide estimate both bending 
strength and stiffness. 

Data presented herein demonstrate 
the possibilities the test method for 
determining mechanical properties 
bending. Experimentation reported 
the literature (2) attests its use for 
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LASTICIT 


Y (ib per sq.in x10 


measuring modulus elasticity 
compression well maximum 
crushing strength. highly probable 
that the properties each piece 
material, whether designed for 
use flexure compression, can 
seconds. 


Conclusions 


Overdesigned wood structures and 
the sometimes unfavorable position 
wood structural material have 
come about largely result its 
variability and the lack methods for 
close estimation mechanical proper- 
ties. The problem points the need 
non-destructive test that will per- 
mit 100 per cent assay production 
characteristics each unit. Vibration, 
mechanical test conducted ex- 
tremely rapid rate and amplitude 
that precludes damage the material, 
offers one the more promising non- 
destructive test methods. The data col- 
lected means relatively simple 
scheme testing demonstrate that the 
characteristics clear wood can 
estimated accuracy heretofore 
considered unattainable. 

The problem associating 


19 20 21 22 23 24 
RATIO OF SPECIFIC GRAVITY TO THE LOGARITHMIC DECREMENT (@/6) 


Fig. 6.—Regression proportional limit stress the ratio 
specific gravity logarithmic decrement 


80 90 100 no 


RATIO OF DYNAMIC MODULUS OF ELASTICITY TO LOGARITHMIC DECREMENT (E /sx10%) 


Fig. modulus rupture the ratio the 
dynamic modulus logarithmic decrement 


and dynamic properties wood con- 
taining defects still remains. However, 
the success encountered with clear 
wood Sitka spruce sufficiently en- 
couraging warrant detailed studies 
other species containing different 
types and combination defects. Once 
proven, its application 
simple considering the advanced status 
electronic sensing and computing 
devices. The inherent advantages 
such system should much im- 
prove the competitive status wood. 
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Disintegration paint checking and crumbling, after has 
served its useful life. Note how ihe fall from the bands 
summerwood long before they come from the springwood under- 
This form disintegration characteristic low-swelling 


UNDERSTANDING THE MECHANISMS 


af 


Disintegration paint cracking, curling, and flaking, after 
has served its useful life. Note how the fall from the bands 
summerwood before the springwood begins bare. This 
form disintegration characteristic high-swelling paints. 


Deterioration House Paint 


LTHOUGH 

MENTS have been made the 
appearance and some aspects the 
wear house paints, they remain 
prone deterioration undesirable 
crumbling flaking from bands 
summerwood, especially such 
widely available softwoods Douglas- 
fir and southern yellow pine; and, un- 
der some conditions service, un- 
expectedly early failures blistering 
other abnormalities. For some time 
the Forest Products Laboratory has 
therefore been conducting research 
the mechanisms paint deterioration 
more fundamental methods than the 
predominantly empirical procedures 
that have been customary the past. 


Chemical Changes During Drying 
and Deterioration 


The chemical processes which 
paint coatings deteriorate are continua- 
tions much the same oxidative proc- 
esses which the coatings are formed 
the first place. When paint ex- 
posed air thin film, oxygen re- 
acts the unsaturated carbon atoms 
the drying oil form hydroperoxides. 


holds PhD colloid chem- 
istry from the University 
Wisconsin. 
FPL 1918, and since has 
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Water, especially 
conjunction with ultraviolet 
light, accelerates chemical 
deterioration. The products 
the decomposition cause 

normal and abnormal failure. 
Shrinking and swelling 

caused water also stress 
and disrupt paint films. 


The hydroperoxides initiate chain re- 
actions two kinds (20, 24, 26, 30, 
One kind leads cross-linked 
polymers gels that make the hard- 
ened paint film. The other kind pro- 
ceeds the opposite direction split 
molecules drying oil 
squently the polymerized gel into 
succession smaller oxygenated frag- 
ments. 

The ultimate products the disrup- 
tive oxidation, which begin appear 
even during the initial drying coat- 
ings, are gases vapors that escape 
from the film, such water, carbon 
dioxide, carbon monoxide, formalde- 
hyde, and formic acid (20, 21, 24, 25, 
26). Intermediate products are larger 


fragments that are less volatile non- 
They include propionic, cap- 
roic, nonylic, and azelaic acids, still 
higher saturated and unsaturated acids 
(22, 39), hydroxyacids (33, 38), 
aldehydes (2), ketones (20, 22, 24, 
26), and glycerol (39), although the 
ester linkage the glycerol stable 
enough persist through aging and 
weathering (22). 
fragments remain the film until 
comes contact with water, when 
those that are soluble water may 
extracted. The insoluble oxidation 
products and the oxygenated groups 
formed the polymerized gel are 
highly polar and hydrophilic, and 
therefore increase the capacity the 
film for absorbing water (22, 24, 49). 

Pigments materially alter the course 
both polymeric and disruptive oxi- 
dation and therefore the drying and 
deterioration coatings. The con- 
sumption oxygen and the evolution 
volatile products are increased 
some pigments and decreased 
others (41). Such effects are exerted 
pigments that are inert chemically 
titanium dioxide, silica, and barium 
sulfate well chemically active 
pigments. Basic pigments, such zinc 
oxide and white lead, addition react 
with acid decomposition products 


the Short Course Paint 
Technology the Univ. Florida, Gainesville, 
Feb. 1959. 

Maintained Madison, Wis., coopera- 
tion with the University Wisconsin. 

Numbers parentheses refer Literature 
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Abnormal disintegration paint alligatoring. this case 
pigment house paint was over clear varnish used 


wood sealer place paint primer. 


form soaps that may more less 
soluble water than the correspond- 
ing free acids (33, 38, 39). 

The nonvolatile decomposition prod- 
ucts that remain the film signifi- 
cantly affect the properties coatings 
(32, 45, 49). Liquids soft solids 
low molecular weight act plasticizers 
impart flexibility and distensibility 
and perhaps ketp the degree cross 
linking the polymeric gel from be- 
coming excessive. Loss the plasticiz- 
ing products leaching with water 
impairs flexibility 
and promotes embrittlement. 
other hand, hard, crystalline solids, 
such are formed some the 
zinc soaps, act like pigments make 
the film harder and 
Water-soluble strongly hydrophilic 
decomposition products make the film 
absorb more water. Although the ab- 
sorbed water acts helpfully plasticize 
the film, also has the harmful effect 
causing swelling. 

the first stages drying, there 
gain weight despite loss volatile 
products, because the weight oxygen 
retained the film exceeds the weight 
volatile products lost (18). The 
oxygen retained soon reaches max- 
imum. Linseed oil, for example, con- 
tains 11.5 percent oxygen begin 
with, but may gain more than per- 
cent reach maximum per- 
cent. But loss volatile products con- 
tinues during aging weathering, 
that the weight the film declines 
from its maximum. The volume 
the film, the other hand, begins 
shrink from very early stage the 
drying (19), partly from loss vola- 
tile products and partly from increase 
density the oxidized film. Thus 
the density linseed oil increases 
from 0.93 more than 1.1 within 
days. 
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The boards the left were painted with three coats high- 
swelling, paint, which blistered badly under con- 


ditions cold-weather condensation. Boards the right were 
with aluminum house paint and finished with two coats 
the~same paint. 


Young coatings that are highly plas- 
ticized oxidation products and 
incomplete cross linking the poly- 
meric gel can adjust their internal 
stresses. Old coatings that are more 
completely cross linked lost 
plasticizers necessarily develop great 
internal stresses (1, 35, 36, 46), be- 
cause two their three dimensions 
must continue conform the re- 
quirements their substrate. This 
leaves only the thickness free take 
the changes volume. Further 
changes volume imposed periodic 
absorption water and redrying dur- 
ing weathering eventually build 
enough internal stress disrupt the 
coating. 

Light speeds both the polymeric and 
the disruptive oxidation the drying 
and deterioration coatings (20, 21, 
25, 26). Light more effective the 
shorter its wave length (24, 35, 42). 
The ultraviolet components 
light with wave lengths from 280 
400 millimicrons are more effective 
than visible light with wave lengths 
from 400 800 millimicrons. Wave 
lengths shorter than 280 millimicrons, 
although still more effective, are 
little practical importance because they 
are absorbed the atmosphere before 
sunlight reaches the earth’s surface. 
Window glass absorbs much the 
ultraviolet from sunlight. 

the other hand, the longer 
waves light penetrate the full 
depth paint films ordinary thick- 
ness, whereas the shorter ultraviolet 
light penetrates only part way (25). 
Pigments high opacity 
violet light, such zinc oxide (40), 
further restrict the action short 
waves very thin superficial layer. 
The shorter waves 
ularly the production volatile com- 
pounds carbon, and result dete- 


whereas longer waves 
drastic cleavage with volatilization 
more hydrogen (as water) than car- 
bon, increased cross linking, and fur. 
ther shrinking and embrittlement 
the coating (25, 26, 37). 

Less attention has been paid the 
action water deterioration, al- 
though its importance has been recog- 
nized (26, 35, 42, 50). has even 
been claimed that water causes much 
the same deterioration light, but 
slower rate (43, 45). Certainly paints 
exposed outdoors 
brought contact with water (28), 
which, from the knowledge already 
reviewed, can expected affect 
materially the composition and proper- 
ties the coating and contribute 
faster deterioration outdoors than in- 
doors. 


Experimental Procedure 


Previous publications reported the 
behavior paint coatings and free 
films (detached from their substrate), 
both before and after weathering, 
when brought contact with water 
14). The absorption water, 
changes density, volumetric swell- 
ing, changes dimensions, recovery 
redrying, extraction water-solu- 
ble ingredients, and losses volatili- 
zation and leaching during weathering 
were measured. The coatings were 
weathered exposure either outdoors 
rioration was accomplished the com- 
bined action sunlight and water. to- 
gether with oxygen. Changes during 
the first days after the liquid paints 
were applied, that while the paints 
dried and hardened, were not meas- 
ured. 

The experiments described here af- 
ford information about changes 
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weight, volume, and density some 
linseed oil paints during the drying 
and about the effects these 
properties subsequent exposure un- 
various conditions for days and 
heir behavior toward water. 
icular, the purpose was learn more 
ibout the relative action water and 
ight paint deterioration. 


All the paints used were made 
ehicle raw linseed oil containing 
ead-manganese naphthenate drier. 
composition was always 0.261 gal- 
pigment, 0.609 gallon lin- 
oil, and 0.130 gallon min- 
spirits and liquid drier the 
paint. The paints differed 
pigment composition. paint 
the pigment was entirely basic car- 
bonate white lead, paint lead-free 
zinc oxide, paint rutile titanium 
dioxide, paint antimony oxide, 
paint magnesium silicate. The 
other paints contained mixtures 
these pigments from the same 
lots. paint TLX the pigment con- 
sisted percent titanium dioxide, 
percent white lead, and percent 
magnesium silicate volume. paint 
TZX the pigment contained per- 
cent titanium dioxide, percent zinc 
oxide, and percent magnesium sili- 
cate. paint TLZX, the pigment con- 
tained percent titanium dioxide, 
percent white lead, percent zinc 
oxide, and percent magnesium sili- 
cate. 


The paints were spread clean tin- 
plate means suction plate and 
doctor blade, thickness coating 
calculated yield mils after the 
volatile thinner evaporated. The weight 
paint was determined weighing 
each tinplate before and immediately 
after application. The initial weight, 
volume, and density the coatings 
after evaporation the volatile thin- 
ner were calculated from the composi- 
tion the paint, the bulking values 
the ingredients, and the weight 
paint applied. The 
were allowed stand days light 
filtered through glass window facing 
Temperature and humidity were 
not controlled, but the temperature did 
not depart much from 80°F. and the 
relative humidity was always less than 
percent. Specimens each paint 
were weighed daily for the first 
days and then suitable intervals 
days follow the changes 
weight. 


the 10th day, set specimens, 
for each paint, was selected and 
the coatings stripped from the tinplates 
floating them mercury until the 
was amalgamated and the paint film 

free. The free films were submitted 

once test for their behavior to- 
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Table 1.--Changes in weight, volume, and density of paint coatings while drying and aging indoors in dry 


air-. 


Density 


day day day maximum 
weight 
Days 
L (white lead) : 2.70: 2.90: 2.94: 6 
Z (zine oxide) 2.32: 2.47: 2.52: 


T (titanium dioxide) : 1.91 : 2.04: 2.10: 2 


2 


A (antimony oxide) 2.38 : 2.53 
X (magnesium : 1.51: 1.68: 1.69: 6 
TLX (titanium-lead- ; 2.04 ; 2.23 : 2.24: 6 
silicate) : : : 
TZX (titanium-zinc- ; 1.74: 1.92: 1.92: 8 
silicate) : : : 
TLZX (titanium-lead- : 1.97 : 2.15 : 2.14: -8 


zinc-silicate) 


: Maximum : after 


Changes in weight 


: 10 days: 25 days: 83 days: days : days 
6.75 0.50 1.13 3.18 63.0 
12.25 1.76 3.02 
7.63 38 80 2.68 51.3 54.0 


i Coatings on tinplate were approximately 4 mils thick when 10 days old. Changes calculated for 1 cubic 
centimeter of liquid paint free from volatile thinner. 


2 Linseed oil paint at 30 percent pigment volume. 


ward water the methods described 
previous publications (9). 

Also the 10th day, other sets 
specimens were taken, each set 
submitted for days one the 
following conditions exposure: 


Indoor light, dry air: This was 
continuation the conditions already 
described for the initial 10-day drying 
period. 


Darkness, dry air: The specimens 
were kept totally dark room 
which temperature and relative hum- 
idity were the same condition 

Darkness, damp air: The speci- 
mens were kept totally dark room 
held constantly 80° and per- 
cent relative humidity. 


a.m. and again from p.m. daily 
the specimens were submerged rap- 
idly running tap water about 50° 
Between immersions, the specimens 
were allowed drain and dry under 
condition 


Sunlight without water: The spe- 
cimens were irradiated constantly with 
artificial sunlight from flaming car- 
bon arc enclosed Corex glass 
globe. 


Sunlight with water: The speci- 
mens were constantly with 
the artificial sunlight and sprayed gen- 
erously with distilled water for ap- 
proximately minutes each period 
minutes. 


Tests under conditions and were 
conducted simultaneously Weath- 
erometer with the specimens kept 
dry arranged the upper tier the 
rotating drum and protected suit- 
able baffles from the water sprayed 
the specimens the lower tier each 
rotation the drum. 

the end the 15-day exposure 
periods, when the specimens were 
days old, the exposures were discon- 
tinued, the specimens were allowed 
dry, were weighed, and the films 


stripped from the tinplate for test for 
behavior toward water. 


Aging Indoors Dry Air 


Within hours after application, 
all paints were gaining 
Evidently most the volatile thinner 
had evaporated, minimum weight 
had been passed, and absorption 
oxygen was greater than the combined 
losses volatile decomposition prod- 
ucts and any residue volatile thinner 
still left. With further passage time, 
all paints reached maximum weight 
and then declined when losses vola- 
tile products began exceed further 
absorption oxygen. 

The changes weight, volume, and 
density the paints during drying 
and aging indoors dry air are sum- 
bered that, Table the changes are 
computed from the starting point 
the weight, volume, and density the 
unoxidized paint free 
thinner, and that all paints contained 
the same volumetric proportion lin- 
seed oil the outset. 

All paints reached maximum weight 
within the 10-day drying period, but 
they differed strikingly the magni- 
tude the maximum and the time 
required reach it. Paints and 
days reached maxima 12.25 
and 10.75 centigrams per cubic centi- 
meter; and TLX took days 
reach maxima 6.75 7.90, and 
paints TZX, and TLZX required 
days reach 8.50 9.18. After they 
passed the maximum, paints and 
declined weight more rapidly than 
the other paints, and the paints that 
contained zinc oxide declined less rap- 
idly than the others. Although all 
the paints still exhibited net gain 
weight even after 240 days, all expe- 
rienced substantial loss volume 
with consequent increase density 
within the first days. There usually 
was further loss volume and increase 
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1 
Table 2.--Behavior of l0-day-old paint films during soaking and after redrying.— 


Change during soaking 


Paint— :Density: Water : Volume: Area :Thick- : material :Density:Volume : Area :Thick- 
:absorbed: : mess : extracted : $ ness 
: Cg/cm? Percent:Percent:Percent: Cg/cm™ : Percent: Percent: Percent 
T (titanium dioxide) : -.15 : 22.3 :+22.6 : +10.0: + 8.8 2.9 +.04 : -2.9 : +1.0 -3.9 
A (antimony oxide) -.03 1.8 42.2 ; +.5: +.01 : -1.2 -.5 -.7 
TLX (titanium-lead- -.15 : 14.5 :4+14.9 : : 47.7: 3.5 +.02 : -2.5 -.1 -2.3 
silicate) : : : : : 
TZX (titanium-zine- : -.38: 71.9 :+72.0 : +33.5 : +27.1: 3-1 +.008: -2.0 +9.5 :-10.7 


zinc-silicate) 


1 Soaked in distilled water for 3 days and then allowed to dry out for 3 days in a desiccator. Coatings, 


approximately 4 mils thick, stripped from their substrate before starting the soaking test. Percent 
change calculated on the basis of the volume of the dried film before soaking in water. 


2 Linseed oil at 30 percent pigment volume. 


density during the next days ex- 
cept for paint TLZX, which appar- 
ently recovered small part its ini- 
tial loss volume with slight de- 
crease density. 


Table shows clearly that none 
the pigments used can considered 
inert.” All exert profound 
effects the course oxidation 
the drying oil. particular they affect 
the extent disruptive oxidation, 
which produces volatile products that 
escape from the coating and presum- 
ably also somewhat larger fragments 
that remain behind but are extractable 
solvents (36). Pigments likewise 
affect the shrinkage volume during 
drying and aging. Still further effects 
pigments the behavior paint 
films toward water are therefore 


When 10-day-old coatings were 
stripped from their substrates and the 
free films soaked distilled water for 
days and then allowed dry again 
for days desiccator, they behaved 
reported Table The changes 
are computed the basis the vol- 
ume the 10-day-old films rather than 
that the volume nonvolatile 
the liquid paint Table All 
films absorbed water and swelled 
volume but widely differing 
amounts. Paint absorbed only 1.8 
centigrams per cubic centimeter, where- 
paint absorbed 91.0 centigrams. 
Volumetric swelling was nearly but not 
necessarily exactly equal the volume 
water absorbed. Film density de- 
creased proportion the absorption 

When redried, all films were lighter 
weight than they were 
before soaking the weight sol- 
uble matter extracted the water. 
Most the soluble material can 
recovered evaporating the soaking 
water dryness (8). From the data 
Table can shown that loss 
volatile material during the days 
the desiccator case was much 
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0.2 ceutigram per cubic centimeter. 
The redried films shrank below their 
volume before soaking amounts that 
were comparable the 
losses. The density the redried films 
was greater than was before soaking. 

The free films swelled volume 
when soaked water increasing 
both area and thickness. The 
paints differed widely the distribu- 
tion their volumetric swelling be- 
tween swelling area and swelling 
thickness. Thus paint increased 33.4 
percent area and 41.0 percent 
thickness, whereas paint 
creased 33.5 percent area but only 
27.1 thickness. Shrinkage 
redrying was always accomplished 
more contraction thickness than 
area; fact, the redried films 
the paints remained larger area 
although much thinner than they were 
before soaking. The paints containing 
zinc oxide, which are harder and less 
flexible than the others, contracted least 
area when redried. 


Deterioration under Different 
Conditions Exposure 


Changes weight, volume, and 
density the paint coatings under the 
different conditions exposure al- 
ready described are reported Table 
Table gives also the behavior 
free paint films after exposure when 
submitted the soaking water test. 

During 15-day exposure dry air 
with without indoor light (condi- 
tions and 2), the changes weight, 
volume, and density were small, was 
expected the relatively brief 
exposure period. Much longer exposure 
and closer control the exposure con- 
ditions would needed for satisfac- 
tory quantitative measurements re- 
veal any effect indoor light the 
rates deterioration. Nevertheless, 
measurable deterioration clearly 
curred both indoor light and 
weight usually accompanied loss 


volume and gain density. Paim 
TLZX, however, increased slightly 
volume and decreased slightly den- 
sity despite its loss weight, and 
paint TZX likewise decreased den- 
sity. Table shows that these paints 
declined from their maximum weight 
less rapidly than the other paints 
the 25th day, but thereafter they 
weight about fast the others. The 
behavior the free films toward water 
after the 15-day exposure dry air 
with and without indoor illumination 
did not differ greatly from the beha 
vior the 10-day-old films 
Table 


Exposure damp air darknes 
for days, condition 
altered the behavior the free film 
toward water increasing the 
sorption water and swelling. Thu 
paint which swelled 5.9 percent 
water after exposure dry air 
darkness, swelled 11.5 percent afte 
exposure damp air. Paint swelle. 
91.5 percent and 121.5 percent 
water after exposure dry and 


damp air, respectively. The effect 


damp air weight, volume, and den 
sity does not appear consisteni 
Its effect may complicated chem. 
ical reactions moisture with decom 
position products formed the pres 
ence some pigments but not 
presence others. Thus paint 
which previous tests (6) was 
absorb centigrams moisture 
per cubic centimeter days 
percent relative humidity, showed 
(Table anomalous gain after 
redrying 1.4 centigrams per cubic 
centimeter whereas paint which 
the previous tests absorbed only 2.9 
centigrams moisture per cubic cen- 
timeter, exhibited greater loss 
weight and volume damp than 
dry air. Similar differences between 
paints and have been reported 
others (40). the whole, the data 
Table support the conclusion that 
dampness more potent than indoor 
light altering the properties paint 
coatings, least the early stages 
deterioration. 


Repeated immersion the 
coatings water, condition 
duced greater losses weight and 
volume, usually with greater 
density, than any the other cot 
ditions exposure without sunligh: 
These greater losses were due par 
but perhaps only part extractio 
soluble materials the water, 
cause the free films nearly always 
hibited diminished content wate: 
soluble substances when they wer 
tested after the exposure period. 
test the free films for behavior 
ward water after exposure, the 
water always swelled much more tha 
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hose exposed dry air with with- 
indoor light, but they swelled 
less than those exposed 
amp air. This effect was probably 
aused the water-soluble products 
xtracted during the repeated immer- 
treatments. 


Exposure artificial sunlight with- 
water the Weatherometer (con- 
ition 5), produced much greater loss 
weight, loss volume, and increase 
density than did any the exposure 
onditions without sunlight. But water 
cting conjunction with sunlight 
condition 6), caused still further 
hanges that were often great 
nose produced sunlight alone. Thus 
‘or paint sunlight alone increased 
ine weight loss from 1.1 centigram 
per cubic centimeter dry air and 
darkness 7.2 centigrams, whereas 
water with sunlight 
weight loss 21.9 centigrams. 
practice, water may even more im- 
portant than the data indicate, because 
the test conditions were such that each 
exposure water was very brief, 
minutes drain and dry, followed 
warmth. Water could scarcely pene- 
trate the coatings very deeply. nat- 
ural weathering the periods wetness, 
although less frequent, usually last 
long enough permit thorough pene- 
tration the coatings (28). 


The paints that contained zinc 
oxide (Z, TZX, and TLZX) suffered 
smaller losses weight and volume 
during exposure sunshine, either 
with without water, than any the 
other paints. the other hand, the 
losses were greater for the magnesium 
silicate paint than for any the 
others. Zinc oxide highly absorp- 
tive ultraviolet light, whereas mag- 
nesium silicate more transparent than 
any the other pigments both 
ultraviolet and visible light (40). 


After exposure sunlight, free 
films paints and absorbed more 
water the soaking test than they did 
before exposure (Table after ex- 
posure dry air darkness. These 
are paints exceptionally low absorp- 
tion; fact, they absorb less water 
than films unpigmented linseed oil 
(9, 11). After exposure sunlight 
alone, the swelling water was nearly 
much percentagewise the absorp- 
tion water but after exposure 
and sunlight together the swell- 
lagged behind the absorption. This 
attributed development poros- 
ity within the paint coating when 
water extracts soluble matter after the 
has become rigid enough 
sist collapse. 
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Table 3.--Ef 


Change during 
exposure2 


: Density: Weight: Volume: 


fect of conditions of exposure on the changes in paint coatings an 
free films during soaking and after redrying—. 


Density:absorbed: Volume:material : Density: Vc 


Change during soaking— 


Water : 


L 
Darkness, dry air +.0 --7: 06 +5.8 
Darkness, damp air +.040 -.9: -1.8 -.182 ; +11.5 
Sunlight without water : +.260 : -10.6: -11.6 -.168 + +10.7 
Sunlight with water -16.3 -.116 +6.8 
PAINT Z (zine oxide) 
Indoor lignt, dry air 40.057 : -O.2: -2.2 : -0.752 : +98.5 +98.0 : 1.8 +0.015 -1.8 
Darkness, dry air : +.053 : : +92.0 +#91.5 : 9 +.014 -1.7 
Darkness, damp air +.041 : +1.4 -1.2 2 :+122.0 +121.5 : fe) +.025 =2.2 
Sunlight without water : +.194 : -6.0 -9.2 : 435.2 : +34.4; 1.5 +.008 -.9 
Sunlight with water +.259 -11.2 -13.5 +31.2 +30.4 9 +.009 -.7 
PAINT T (titanium dioxide 
Indoor light, dry air 40.054: -1.3 : : -O.col : +34.2 +34.5 4.2 : 40.044 -4.2 
Darkness, dry air +.045 : : -.263 : 435.4 +35.5 4.7 
Repeated water : +.078 : -2.8: -5.5 : -.303 439.2 +: 439.2 +.027 -3.1 
Sunlight with water +.332 921.9 : -23.0 : -.091 +8.3 +8.6 1.3 +.023 : <-1.5 
Indoor light, dry air : +0.010: -1l.3: -1.0 : -0.001 : +1.3 +1.6 : 2.2 : el 2 
Darkness, dry air : +001: -1.3: : -.001: +1. +1.3 6 
Repeated water +0024: -2.9: <-21: -.010: +1.3 1.5 
Sunlight with water : -22.1 : -22.7 : -.010 : +2.2 +1.9 : 2.5 +.026 -1 
ndoor light air : #0.005: -leo: -1.0 : -O.l07 : +34.0 : +34.1: : 0.0 
pe : +.008 : -.6: -.7 -.193 : +40 .5 : +40.7 : 5.4 : 
Darkness, damp air : ©0019: -1.2: +. -.358 : +99.0': +99.3 : 5.8 ~-051 : 
Repeated water : +.009: -4.4 : -3.0 : +2250: +57.8 : +57.8 : 3-7 +.010 : 
Sunlight with water 4.299 : -27.4 -29.2 : -.0K7 + 4.9: + 5.2: 1.7 +.006 : <-1l.l 
PAINT TLX (titanium dioxide, white lead, magnesium silicate) , 
air : +0.005 : : 70.115 : +12.0 3 3 +0 .03 
Darkness, damp air <5: +15.8 : +16.1 : 1.5 
Sunlight without water : +.179: : -11.5 : -.126: : +11.2 +.031 
m dioxide magnesium silicate) 
Indoor light, dry air : -0.004: : : -0.371 : 95.2 : 3< : 40.019 : -2.9 
Darkness, damp air : -.019: +67: +94.6 : +94.9 2.9 +.019 : -2.5 
Repeated water : -1.0:; -.3: -.377: +70.5 +70.8 2.9 +.011 : -2.0 
Sunlight without water : +.071: -5.0: <-5.4 : : +33.7 : +33.3 2.0 +.014 -1.2 
Sunlight with water : : -5.4 : -5.1 : -.298 +42.2 : +42.3 1.2 +.007 : -.9 
PAINT TL2X (titanium dioxide, white lead, zinc oxide, magnesium silicate) 
Indoor light, dry air : -0.009 : -O.4: 20.299 : +36.3 : +30.0: 40.015 : -2.3 
Darkness, dry air -.008 -.2 : 42.3: 282.7: 3-3 +.022 -2.5 
Darkness, damp air -.014 -.3 +5 272.2: 472.5 3.0 +.024 -2.5 
Repeated water : -.010 : -1.3 O : -.358 : +46.2 +46.6: 2.8 +.018 -2.1 
Sunlight without water : +.087;: -4.4 6.0 : -.250 : +26.5 : +25.5 2.2 -.007 -.7 


i Coatings on tinplate dried indoors for 10 days (approximately 4 mils thick when dry), then exposed 
to the conditions indicated, after which they were stripped from the tinplate and tested for 


behavior toward water. 
2 From eleventh to twenty-fifth day inclusive. 
Based volume film tenth day. 


4 Based on volume of film on twenty-fifth day. Soaking time 3 days. 
5 Based on volume of film on twenth-fifth day. Dried 3 days in desiccator after soaking. 


All the other paints, after expo- 
sure sunlight with without water, 
absorbed less water and swelled less 
than they did before exposure after 
exposure dry air darkness. The 
difference was especially striking for 
those paints that were highest swell- 
ing before exposure, namely, the 
paints that contained zinc oxide. The 
zinc-containing paints differed from all 
the others also that the absorption 
water and swelling after exposure 
water and sunlight together were 
nearly great even greater than 
they were after exposure sunlight 
alone. The other paints were less ab- 
sorptive and swelled less after expo- 
sure water and sunlight than after 
exposure sunlight alone. 


Paint films after exposure water 
and sunlight always yielded 
uble material the soaking water than 
corresponding films after exposure 
sunlight alone and also less soluble 
matter than films, with the unex- 
plained exception paint before 
exposure after exposure dry air 
darkness. the other hand, films 
paints containing zinc oxide, 
with the unexplained exception 
paint TLX, yielded more soluble mate- 
rial the soaking water than the cor- 
responding films before exposure 
after exposure any the other 
conditions. Paint after exposure 
sunlight alone yielded the remarkable 
amount 14.0 centigrams soluble 
material per cubic centimeter. The 
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Fig. 1.—Changes weight and volume films under various con- 
ditions exposure. Films contained cubic centimeter non-volatile 


when applied. 


zinc-containing paints after exposure 
sunlight alone gave less soluble 
material than their films before expo- 
sure after exposure dry air 
darkness. Apparently sunlight, but not 
indoor light, acts increase the for- 
mation soluble decomposition prod- 
ucts that remain the coating unless 
extracted water. Zinc oxide, because 
its high absorption ultraviolet 
light, shields nearly all but the outer 
surface the coating from such ac- 
tion. The low opacity magnesium 
silicate, the other hand, offers even 
less shelding than the other pigments 
studied, 

The changes weight, volume, and 
density recorded Table are those 
that occurred during the 15-day expo- 
sure periods, calculated the basis 
the volume the dry coatings 
when days old. Fig. graphic 
presentation the changes weight 
and volume that occurred, first during 
the 10-day drying period, and then 
during the entire days for drying 
and exposure each test condition, 
omitting the two exposures dark- 
ness. The changes are calculated 
the basis the volume unoxidized 
paint free from volatile thinner applied 
begin with. After drying for 
days, the coatings still retained net 
gain weight, the magnitude 
which varied with the kind pigment 
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the paint. There was, however, al- 
ready loss volume. 

During the succeeding days 
exposure, both weight and volume 
decreased, but differing extents ac- 
cording the conditions exposure 
and the kind pigment present. The 
decreases were least rapid for exposure 
dry air indoors, were distinctly faster 
for repeated immersion water, still 
faster for exposure sunlight, and 
fastest for exposure sunlight and 
water together. Among the paints, 
the decline weight and volume when 
exposed sunlight was slowest for the 
paints that contained zinc oxide, but 
explanation appears for the greater 
decline the paint with 100 percent 
than the paints with only percent 
zinc oxide. The magnesium silicate 
paint lost weight and volume faster 
than any the other paints. 


Significance the Experiments 


The import the experiments 
that deterioration proceeds much the 
same way under all conditions ex- 
posure which oxygen present, but 
that the rate deterioration can 
speeded greatly such conditions 
exposure sunlight and exposure 
water. darkness indoor light, 
water the form either vapor 
liquid makes paint films more sensitive 
absorption water and swelling, 


and the liquid form accelerates 
loss weight and volume extract- 
ing soluble decomposition products. 
Indoor light has little stimulating effect 
deterioration. 


Sunlight, which contains ultraviolet 
wave lengths, accelerates formation 
decomposition products, both volatile 
products that escape once and sol- 
uble products that remain the film 
unless extracted water. doubt 
sunlight also increases polymeric oxida. 
tion and cross linking the gel 
ture, because makes coatings 
resistant absorption water and 
swelling—except, course, those coat 
ings that are highly resistant 
exposure. When water acts togethe: 
with sunlgiht, deterioration attains 
greatest speed, not only because th: 
soluble 
extracted but because volatile product 
form and escape more rapidly. Pig 
ments high absorption for ultra 
violet light, however, retard the 
sunlight, presumably keepin; 
the ultraviolet light 
much beyond the exposed surface. 


Coatings house paint are 
upon accommodate themselves 
substantial changes volume from 
two sources, the continual loss 
volume from deterioration the coat- 
ing, and repeated absorption 
water with swelling, redrying with 
shrinkage, and extraction soluble 
components water. maintain 
adhesion the substrate and remain 
unbroken, the coatings must make the 
adjustments entirely changes 
thickness, except accompanying 
movement the substrate may 
some change area. 


The soaking tests reveal that free 
films, unrestrained substrates, dis- 
tribute any change volume among 
all three dimensions. Attachment 
substrate, therefore, imposes restraint 
that necessarily distorts the 
structure. Only liquid free flow 
can submit such restraint without de- 
veloping internal stress. coating 
dries and acquires rigidity, internal 
stresses come into play that 
magnitude the rigidity increases. 
Very young coatings can relax the 
stresses largely plastic deformation 
(23, 32). Older coatings that remain 
sufficiently distensible 
the stresses elastic deformation. But 
such adjustments become 
difficult further weathering increase; 
the rigidity the coating and deprive: 
the simpler compounds that ac: 
plasticizers. Eventually the 
stresses exceed the cohesion th: 
coating its adhesion the 
whereupon the coating breaks and 
gins come loose. 


Disruptive stresses coatings 
wood have often been attributed 
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the wood surface with 
moisture content (29) Per- 
there are circumstances under 
this can occur, but the disinte- 
‘ration house paints under normal 
onditions service ex- 
that way (15). 


Applications Normal House 
Paint Behavior 


Although present knowledge the 
from complete, attempt apply 

the behavior paints com- 
may suggest directions for pro- 
further research. The Forest 
Products Laboratory recognizes six 
stages the normal wear house 
paints: the soiling, flatting, chalking, 
disintegration, and advanced 
break-up stages (27). 


The Soiling Stage: Newly applied 
paint gradually becomes Car- 
bonaceous dirts cling paint more 
firmly than siliceous dirts, glossy 
paints soil more seriously than other- 
wise similar flat paints, and the pre- 
sence moisture greatly facilitates 
the attachment dirt (31, 44). Ap- 
parently dirts that are wet oil more 
readily than water stick the oil 
amount the surface young glossy 
paint. The actions water swell, 
soften, render the oily surface more 
tacky, and displace cushions ab- 
sorbed air may bring paint and dirt 
into closer contact. The joining 
paint and dirt particles film 
water, and the subsequent evaporation 
the water the periphery the 
junctions, will draw dirt and paint to- 
gather the force surface tension. 
The water-soluble substances extracted 
from paint water may play part, 
and conceivably account for the fact 
that some paints gather less dirt than 
other paints that differ only 
kind pigments. 

Growth fungi paint, com- 
monly called mildew, occurs only when 
there moisture, because the micro- 
organisms require water for their meta- 
The organic material extracted 
from paint water may provide food 
for the fungi. Zinc oxide paint 
strongly inhibitive fungi. Its effect 
clearly due the toxicity sol- 
uble zinc soaps, because zinc has been 
found generous amounts the 
aqueous extracts from paints contain- 
ing zinc oxide (4, 8). Soluble salts 
lead are also poisonous fungi, 
but white lead paint, although not 
without prohibitive effect, affords less 
protection than zinc oxide. The aque- 
ous extracts from paints may contain 
lead (38), but they contain much 
lead than zinc (4, 8). 


The Flatting Stage: House paints 
gradually lose their initial gloss and 
become dull flat. Losses volatile 
products and leaching 
products, which proceed most rapidly 
the exposed surface, destroy the 
superficial layer oil vehicle and lay 
bare the granular bed pigments 
(46). addition, contraction vol- 
ume from deterioration deeper 
parts the coating and distortion 
repeated swelling and shrinking 
contribute the roughening the 
surface until its initial ability reflect 
light specularly gives way markedly 
diffuse reflection. Flatting occurs ex- 
ceedingly slowly dry air indoors: 
hastened contact with water, 
the action sunlight, and particularly 
joint action sunlight and water 
the order indicated the changes 
weight and volume recorded Fig. 
The part played water should not 
overlooked. House paints and auto- 
motive finishes that dull rapidly the 
climate Florida retain their gloss 
for much longer time the equally 
sunny but very dry climate south- 
ern Arizona (48). 


The Chalking Stage: Continuation 
the processes that cause flatting 
eventually destroys the binding me- 
dium which those particles pig- 
ment near the surface are held place. 
When the loose pigment can rubbed 
off, the coating said chalking. 
Chalking easily observed that 
many have been led attribute 
the gradual which paint 
coatings diminish thickness (16). 
But the normal service house paints, 
unlike that automotive finishes, af- 
fords little opportunity for mechanical 
removal chalk wiping abra- 
sion. The shrinkage thickness 
coatings house paint begins long 
before chalking evident, 
ceeds primarily decomposition 
the vehicle with release volatile 
products and extraction soluble 
products water. Mechanical loss 
pigment secondary. 

When chalking sets in, some the 
dirt previously acquired usually 
sloughed off, process commonly 
called self-cleaning. The change from 
oil-rich glossy composition 
pigment-rich flat composition makes 
the surface less able retain dirt. Dirt 
dislodged disappearance the oil 
which was attached not readily 
replaced fresh dirt. The most suc- 
self-cleaning 
always contain zinc oxide, 
fore yield zinc soaps rather than free 
organic acids their aqueous extracts 
(4, 8). may well that the zinc 
soaps have detergent action that 
lacking the more acidic extracts. 

Paints that contain colored pigments 
fade when they begin chalk. This 
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has long been recognized optical 
effect porous condition the 
superficial chalking layer from which 
oil vehicle has disappeared. Voids left 
between pigment make 
highly reflective optical interfaces that 
restrict penetration visible light and 
reduce the extent selective absorp- 
tion the colored pigment. Other 
evidence the development voids 
weathered coatings found 
studies their swelling water. Be- 
fore they are weathered, glossy films 
swell least much, sometimes 
little more than, the volume the 
water absorbed, whereas films weath- 
ered sufficiently exposure sun- 
light and water usually swell less than 
the volume water absorbed (5, 
14). Weathering develops voids that 
can hold water without adding the 
volume the coating. 


would highly desirable for 
house paints wear entirely away 
erosion without any disruption the 
coating loss adhesion the sub- 
strate. Repainting would then re- 
quired when the coating became too 
thin continue hide the substrate, 
and could done without trouble- 
some problems with broken 
ened paint. Although such wear 
erosion now obtained with some 
paints under favorable conditions, 
paint can relied upon wear that 
way under all conditions practical 
service. 


Zinc oxide retards the erosion 
paint coatings. vertical test-fence 
facing south Madison, 
Wis., Forest Products 
search has shown that linseed oil house 
paints containing zinc oxide lose about 
0.4 0.5 mil year thickness, 
whereas paints free from zinc oxide 
lose nearly 0.7 mil year (17). These 
observations are explained the data 
Table and Fig. which show that 
sunlight less effective accelerating 
the production both volatile and 
water-soluble decomposition products 
when zinc oxide present than when 
absent. 


The Fissure Stage: Young coatings 
are able withstand the internal 
stresses caused shrinkage volume 
and swelling water followed 
redrying because they can undergo 
high degree both elastic and plastic 
deformation (23). aging, such dis- 
tensibility diminishes rate deter- 
mined the progress deterioration 
under the conditions exposure 
(23). Loss volatilization and leach- 
ing low-molecular decomposition 
products which have plasticizing 
tion, and increased cross linking the 
vehicle gel embrittle the coating (1, 
32, 45). The internal stresses from 
changes volume become ever greater 
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until the cohesion the coating ex- 
ceeded. Fissures then occur the coat- 
ing relieve the stresses. 


The fractures occur when the coat- 
ing dry. Even very brittle coatings 
are strongly placticized absorbed 
moisture, which restores considerable 
degree distensibility (23). Fissures 
develop more often dry summer 
weather than winter, and are more 
severe dry than damp climates. 
The following experiment illustra- 
tive. exceedingly brittle paint com- 
posed titanium dioxide sodium 
silicate was applied matched edge- 
grain and flat-grain specimens 
Douglas-fir and southern yellow pine. 
The smooth coatings remained intact 
and unbroken for long time when 
kept reasonably constant relative 
humidity and temperature. They also 
remained unchanged when exposed 
damp air for days, during which the 
wood gained percent moisture 
content and swelled accordingly. But 
within hour after the specimens 
were restored lower relative humid- 
ity, the coatings cracked severely 
reticulate pattern entirely unrelated 
the grain the wood and long before 
the wood had lost much the mois- 
ture had taken up. The cracking 
clearly originated the 
coating rather than movement 
the wood under the coating. 

Fissures may take the form either 
ing, the fissures begin superficial 
layer the coating but may work 
their way the bottom the coating 
later cracking, the fissures ex- 
tend once throughout the depth 
the coating. Checking usually occurs, 
all, earlier age than crack- 
ing. Checking suggests condition 
which superficial layer the coat- 
ing has become embrittled and 
shrunken time when the deeper 
portions are still distensible 
contracted. Cracking suggests coating 
high strength tension that has be- 
come embrittled throughout before 
yields all. Coatings white lead 
paint, which soon develop checking, 
retain distensibility for long time 
even when exposed sunshine and 
water, have only moderate strength 
tension, and swell very little water. 
Paint coatings containing zinc oxide, 
which imparts cracking tendencies, be- 
come embrittled even the absence 
sunlight, have high strength ten- 
sion, and become greatly swollen 
Paints which early checking 
relieves internal stresses either may re- 
main free from cracking or, they 
eventually crack, the cracking may 
occur smaller, less conspicous pat- 
tern than paints which checking 
absent and cracking long delayed. 
Coatings applied brush doctor 


blade possess grain that absent when 
the coatings are applied spray gun, 
especially the paint contains acicular 
pigments. The grain comes from orien- 
tation the acicular particles the 
last direction which the paint flows 
before hardens. The grain the 
orientation cracks the direction 
the last strokes the brush (23, 
32). appears also greater swelling 
across than with the last brush strokes 
when the films are stripped and soaked 
water (4, and greater strength 
tension along than across the grain 
when the films are tested mechanically 
(23). The mistaken belief that the 
direction cracking determined 
the grain the wood underneath 
arises from the fact that paint cus- 
tomarily applied with the last strokes 
the direction the wood grain. 

Checking, which begins 
ficial fissures, usually shows little effect 
paint grain, develops with random 
orientation, and rapidly forms in- 
conspicuous reticulate pattern fine 
meshes. The pattern cracking 
usually much coarser and more con- 
spicuous. 


The Stage Disintegration: 
When checking penetrates the bot- 
tom the coating, water gains direct 
access the wood underneath. Adhe- 
sion between coating and wood 
greatly weakened water (34). 
Moreover, the internal stresses within 
the coating reach maximum the in- 
terface between coating and wood, 
which the seat external restraint 
the free movement the coating. 
There soon loosening the coat- 
ing along the edges the checks. The 
coating then begins crumble de- 
tachment, one one, the tiny poly- 
gons outlined the reticulate fissures. 

Paint cracks likewise admit water 
directly the wood, and result 
loosening along the edges the 
cracks. Loose edges paints that swell 
greatly water curl outward mark- 
edly, sometimes the extent form- 
ing scrolls. Free films such paints 
curl similarly when soaked water 
and even more sharply when redried. 
The curling may understood 
response greater internal stresses 
the superficial layer the coating, 
where greater exposure has resulted 
greater contraction volume, than 
the deeper layers the coating. Curl- 
ing tendencies are more marked with 
high-swelling than with low-swelling 
paints, but with high-swelling paints 
the curling can minimized for- 
mulating the paint closely 
sible its critical pigment volume. 

The loosened areas coating, now 
thickness, are often seen larger 
area than the patch wood from 


which they have been detached. This 
finds explanation the fact, recorded 
Table that high-swelling paints 
tend remain distended area after 
they have swelled water and redried 
Loose edges coating eventually break 
away from the rest the coating 
are broken off the elements and 
away flakes. 

When disintegration sets after 
checking cracking, the wood begin: 
affect the course further deterio 
ration. Loosening occurs much sooner 
over summerwood than over spring 
wood, particularly when the band 
summerwood are relatively wide 
There reason believe that youn 
paint coatings cling wood 
cific adhesion—that is, bondin 
that involves the same polar, 
ated groups the vehicle get that 
responsible also for cross linking 
the gel The progress weathe: 
ing may gradually release such 
paint bonds the bonds become 
within the gel, and plasticizers 
lost and the 
strained swelling and shrinking 
the coating. Specific adhesion may ther: 
lost and the coating left 
wholly mechanical adhesion 
bedding the pores the 
(3). Springwood bands, reason 
their relatively thin-walled wood cell 
with large cavities, offer much greate: 
play for purely mechanical adhesion 
than summerwood bands, which 
have thick walls and small cavities. 


The Stage Advanced Break-up: 
The progress crumbling, flaking, 
scaling depends largely the nature 
the wood surface under the paint 
and only partly the nature the 
paint. rule, however, paints that 
tend swell little water and wear 
checking and crumbling exhibit 
slower progress sloughing from the 
summerwood and less unkempt appear- 
ance the stage advanced 
than paints that wear cracking 
ing and flaking scaling. 


Applications Abnormal Paint 
Behavior 


Under some conditions service, 
paints depart from their normal pat- 
tern behavior. Among the 
tions that lead abnormal 
are unsuitable spacing paint coats 
repaintings, unsuitable thickness 
coating, incompatibilities 
paints, and blistering. 


Unsuitable Spacing Paint 
Repaintings: Much experience 
shown that oil paints applied while th: 
previous paint was still the 
flatting stage often fail 
normally. The condition 
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ccurs when houses are completed late 
the fall winter, are given prim- 
ing coat paint only, and the rest 
painting deferred for several 
onths until the weather moderates. 
ich paint jobs seem 
inclined early failure, often 
The relatively high content 
water-soluble substances and greater 
capacity young coatings 
well responsible. addition 
has been found (12) that paint coat- 
applied unsuitably low tempera- 
contain more water-soluble prod- 
ucts and swell more water than 
coatings applied higher tem- 

Much the same explanation may 
apply early failures repaint jobs 
parts house that, their posi- 
tion, are sheltered from the full im- 
pact sunshine and rain, such 
ceilings porches and overhanging 
eaves. not unusual for new paint 
come loose and scale from older 
paint for coatings become blis- 
tered the well-sheltered areas while 
the paint still performing nor- 
mally the fully exposed areas. Ab- 
sence the leaching effect full 
rainfall, together with longer contact 
with still water the form dew, 
allows soluble decomposition products 
accumulate the protected coatings 
harmful extent. 


Unsuitable Thickness Coating: 
Practical experience shows that most 
good house paints serve best when the 
coating between and mils thick. 
Modern paints will hide satisfactorily 
half that thickness, but such thin 
coatings are more quickly penetrated 
water, their content soluble mate- 


greater, sunlight reaches 


greater portion the film, and they 
have less reserve away than 
films more suitable thickness 
(7). therefore not surprising that 
they erode unnecessarily rapidly. 

the other hand, unduly thick 
coatings are prone 
(16, 17). Cracking often appears ear- 
lier, coarser pattern and more 
conspicuous than normal for the 
kind paint, and very often ori- 
ented across rather than with the grain 
the paint coating. The coarser crack- 
ing leads unsightly scaling that 
unrelated the summerwood pattern 
the wood surface. Such scaling oc- 
curs about early the woods that 
hold paint best does the more 
exacting woods. For each kind paint 
there seems critical thickness 
coating above which the abnormal 
sets in. The critical thickness 
swell greatly water and form 
coatings high strength 


mils for low-swelling paints that retain 
plasticity longer and have moderate 


Modern practices paint mainten- 
ance tend strongly build unduly 
thick coatings after few repaintings. 
The paints predominant use, which 
erode the slower rate 0.4 mil 
year when fully exposed the weath- 
sufficiently accept one good coat 
new paint without adding appreciably 
the total thickness coating, yet 
they are often repainted intervals 
short years even less, some- 
times with two new coats time. 
few repaintings suffice bring the 
coating thickness above the low critical 
thickness such paints. The curious 
anomaly exists that, former times, 
when the paints predominant use 
lost 0.7 mil year and had higher 
critical thickness, the customary inter- 
vals between paintings were consider- 
ably longer and the abnormalities 
unduly thick coatings were seldom en- 
countered. 


Incomptabilities Among Paints: 
Abnormalities often develop when 
houses are repainted with kind 
paint that differs too much some 
its properties from the paint used pre- 
viously. The reason for such incom- 
patibilities were obscure until the 
swelling effect water different 
paints became known. The junction 
between coatings markedly disim- 
ilar swelling capacity 
comes the seat very high stresses 
when the coating absorbs water and 
dries out again. Moreover, the adhe- 
sion one coat the other im- 
paired water, just the case with 
the adhesion paint wood. Hetero- 
geneous free films that consist 
coat high-swelling and coat 
low-swelling paint curl tight 
scrolls when soaked water, and after 
somewhat longer soaking they will 
often blister and come apart easily. 
Such heterogeneous coatings houses 
may crack, curl, and scale from the 
wood interface abnormally soon or, 
more severe cases, the outer coating 
may crack and scale from the inner 
coating. Still another variani alliga- 
toring, which the outer coat cracks 
reticulate pattern and then shrinks 
area, that the cracks open into 
relatively wide gaps and the polygon- 
shaped islands topcoat may become 
wrinkled. 

least one case, dissimilarity be- 
tween coats proves advantageous rather 
than harmful. now recognized 
that, when suitable house-paint primers 
are used under finish coats that contain 
zinc oxide, the improved performance 
obtained comes part from the fact 
that the primers are usually made with- 
out zinc oxide and relatively high 
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pigment volume and therefore have 
low swelling capacity. The low-swell- 
ing priming coat buffers the swelling 
tendencies through the coating min- 
imizing the strain the interface be- 
tween wood and paint without too 
greatly increasing the strain the in- 
terface between paint layers. 


Blistering: Paint blistering can oc- 
cur several different ways. neces- 
sary condition that they share com- 
mon the development pressure 
gas liquid the interface where 
the blisters arise. 


temperature blistering, the pres- 
sure comes from thermal expansion 
air porous substrate under the 
coating. fairly frequent example 
occurs when houses are repainted 
weather when days are warm and 
sunny but nights are cool. New paint 
applied perhaps the afternoon be- 
comes blistered next morning soon 
after warm sunshine strikes the sur- 
face. Air the wood expands with 
warmth and pushes through tiny cracks 
the old paint press against the 
new coating time when its outer 
skin has hardened but its deeper parts 
are still soft. 
paint may blistered the surface 
struck sudden blast heated air. 
Practical use made temperature 
blistering when old paint removed 
with painters’ blow torch. 

blistering, the pres- 
sure comes presumably from the gases 
evolved deterioration old paint 
that has been barred from access 
oxygen and ultraviolet light coat- 
ings subsequently applied. Such blis- 
ters are characterized the presence 
transparent, glossy, sometimes 
sticky material that looks like 
nish the back the blisters and 
the surface underneath. The glossy ma- 
terial least partly soluble water, 
and seems identical with the 
material extracted from paint film 
water. Events that finally result 
glossy-back blisters begin with yel- 
low brown discoloration layer 
the old paint, followed forma- 
tion holes with smooth, glossy walls 
that look under microscope like the 
holes Swiss cheese. The holes grad- 
ually grow larger, join together, and 
finally form large cavities that become 
blisters. The glossy material accumu- 
lates relatively deep portion 
the film, perhaps because the thickness 
the coating makes its extraction 
rain difficult. The deposits may then 
prevent the ready escape decomposi- 
tion gases. There are times, however, 
when the glossy material exudes from 
paint coatings and discolors the ex- 
posed surfaces even collects beads 
droplets that can easily mistaken 
for wood resin. 

The source pressure moisture 
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blistering has not yet been established 
satisfactorily. may not the same 
all cases. Pressure may develop 
the air the wood under the coating 
from thermal expansion when wet 
line the wood advances toward the 
coating under temperature gradient, 
thereby squeezing the 
against the back the coating. Soluble 
substances the paint next the 
wood may give rise osmotic pres- 
sure, with the coating acting semi- 
permeable membrane. The source 
pressure may differ with circumstances, 
and there may more than one source 
given case, But unless water the 
form liquid reaches the wood-paint 
interface, the pressure required blis- 
ter well-dried paint coatings usually 
very great, often the order 500 
pounds per square inch (34). Water 
the interface necessary rule 
(47) for moisture blistering, because 
weakens the adhesion much that 
square inch (34) may suffice. 


Water can reach the interface read- 
ily enters sufficient quantity 
from the unpainted edges backs 
boards. Movement toward the interface 
between the wood and paint 
ened the painted face much colder 
than the back the board, but mois- 
ture blistering can 
such temperature gradient (47). 
houses, moisture may gain access be- 
hind painted cold- 
weather condensation vapor that 
originates inside the house. may also 
enter from the outside 
tion through joints. The latter prob- 
ably the more common cause, but 
often overlooked because cold- 
weather condensation has been 
widely publicized. 

Blistering seldom occurs from water 
that reaches the paint-wood interface 
through the paint coating alone. Water 
moves through paint much less rap- 
idly than does through wood, and 
there usually much more wood 
than paint present, that the dry wood 
keeps the paint the interface reason- 
ably dry for longe time. Water does 
blister paint non-absorptive sub- 
strates such glass metal and prob- 
ably does wood there time 
enough for the wood come its 
fiber saturation point. Even free paint 
films may blister when soaked for sev- 
eral days. 


Tests laboratory blistering boxes, 
agreement with long observation 
experience houses, prove that some 
paints are more sensitive moisture 
blistering than others. There close 
parallel between the degree which 
paints absorb water and swell and 
their sensitivity moisture blistering. 
The sensitive paints are the high- 
swelling paints. Resistant paints are 
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low swelling. When high-swelling 
paint used for the finish coat, the 
low-swelling priming coat 
posed between wood and finish coat. 


Conclusion 


Study the mechanisms paint 
deterioration reveals that water must 
considered major destructive agent 
along with ultraviolet light. Water 
alone, but even more conjunction 
with ultraviolet light, accelerates dete- 
rioration chemically stimulating pro- 
duction volatile and water-soluble 
decomposition products that have much 
with the various stages both 
normal and abnormal behavior 
house paints. Water also attacks phys- 
ically swelling coatings and then 
causing severe internal stresses the 
coatings dry and shrink again. The 
stresses disrupt coatings one way 
another. Water also involved the 
self-cleaning action paints that has 
been greatly emphasized recent 
years. the effort make modern 
paints clean possible, they have 
been made increasingly sensitive the 
harmful attacks water. current 
trend the manufacture paints that 
are resistant water highly 
encouraging. But there still need for 
more research the mechanisms 
which water attacks paint and means 
controlling them, that more reli- 
able paints can produced. 
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Largest changes moisture content 
occur during spring and fall. Wood 
basements may vary 12%; attics 
and living areas, changes are less. House 
construction, insulation, and heating 
system have little effect. Next step 
evaluate effect finishes. 


and perplexing properties its 
ability absorb and lose water and 
water vapor with changes tempera- 
ture and humidity. When absorbing 
moisture between and about 
percent moisture content (known 
the fiber saturation point), wood 
swells shrinks. 
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Wood Moisture Content Homes 


SEASONAL VARIATIONS THE 


further complicate matters, wood 
does not increase decrease dimen- 
sion uniformly. Dimensional changes 
length along the grain are very 
slight, while the dimensional changes 
width across the grain are large (as 
high percent from ovendry 
fiber saturation). Dimensional changes 
thickness are usually about half 
much across-the-grain movement. 
These unequal dimensional changes 
the length, width, and thickness 
wood are constant problem furni- 


Presented the Fall Meeting the Caro- 
linas Chesapeake Section, FPRS, Nov. 1958, 
Charlotte, 
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Typical the southeastern homes which moisture- 
content-variation samples were placed for study. 


ture manufacturers and other users 
wood. 


Because these unique 
moving wood parts such drawers, 
doors, and windows tend tighten 
and loosen even check split with 
changes weather conditions. Wood 
fixed positions, such flooring and 
structural house members, may shrink 
and swell enough cause opening 
and closing floor joints, separation 
window framing, and even crack- 
ing wall plaster. Where grain dis- 
tortion abnormal wood present, 
wood will bow and twist with moisture 
changes. 
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JANUARY 


AVERAGE TEMPERATURES — 
APPROXIMATE mM.C. OF INTERIOR WOODWORK —— 


Fig. 1.—Relation moisture content interior woodwork outdoor temperature 
various areas the United States January. 


6 
AVERAGE MINIMUM RELATIVE HUMIDITY —— 
APPROXIMATE M.C. OF INTERIOR WOODWORK 


Fig. 2.—Relation moisture content 


interior woodwork outdoor relative 


humidity various areas the United States July. 


minimize this problem, wood 
workers and manufacturers attempt 
fabricate their product uniform 
moisture content, which usually the 
average the seasonal range. For in- 
stance, furniture the midwest may 
fabricated percent moisture 
content since this represents the mid- 
range between percent during the 
winter months and percent during 
the summer months. Likewise, furni- 
ture Florida may fabricated 
percent moisture content suit the 
average for that area. All over the 
country, wood products are usually as- 
sembled predetermined moisture 
give its best performance use. This 
not always achieved. 

The Forest Products Laboratory, 
effort help solve this problem, 
made study the moisture content 
wood dwellings representative 
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cities throughout the United 
and result divided the country 
into three areas the basis climate 
and interior heating practices. The re- 
port gives maps the that show 
isobar-like lines relative humidity, 
moisture content, and temperature 
January and July (Figs. and 2). This 
information has been invaluable, but 
the need for more localized informa- 
tion prompted the California Dry Kiln 
Club and the Southeastern Dry Kiln 
Club undertake further studies. 
The Southeast has long been fur- 
niture-making center, High Point, 
North Carolina, being known the 
furniture center the world. The 
long-felt need for specific moisture 
content information this area 
prompted the Southeastern Dry Kiln 
Club launch study determine 


2E. Peck. content wood 
use. Forest Prod. Lab. Rpt. No. 1655. 
1955. 
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Fig. 4.—Higher variations the fall 
spring are due humidity changes caus 
turning heating plants and off duri 
these two seasons. 
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PERCENT 

MOISTURE 

CONTENT 


MOISTURE CONTENT VARIATION CURVES 


MAXIMUM BASEMENTS THROUGH ATTICS 


“PICKENS, SC 


VARIATION MOISTURE CONTENT (PERCENT) 


HAZELWOOD, NC 


PICKENS,SC 


MARION, 


HAZELWOOD, NC. 


—— 


ALL YEAR 


Fig. 6.—Probably because colder winters with more heating re- 
quired, the mountains showed only percent moisture content 


variation from attic basement. 
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Fig. 7.—Moisture content curves were averaged for each area 
tested and show consolidation during wintertime and spreading dur- 
ing spring and summer. Notice the change moisture content 


piedmont and mountain basements. 


the moisture content variation 
homes throughout the Southeast 
June 1957. 


Procedure 


Method Study: Basswood speci- 
mens predetermined ovendry 
weights were distributed groups 
three each members the club. 
These specimens were placed the 
attic, living area, and basement 
member’s homes. Information the 
type home construction, type 
heating system, and location home 
were all recorded. Each week the speci- 
mens were weighed the kiln club 
members and the weights were 
ported Asheville, North Carolina, 
where contents were cal- 
culated from the predetermined oven- 
dry weights the specimens. Mois- 
content variation was determined 
subtracting the low from the high 
content for the period being 


reported. Since the specimens had 
finish applied them, they were sen- 
sitive small changes moisture 
content. 


From the unfinished specimens, 
moisture contents were determined for 
areas the piedmont and mountains 
from Virginia Georgia. few 
determinations have also been made 
from far south Florida, and with 
interest the study still growing, 
moisture content information will 
strengthened with additional data 
through the coming year. 


Discussion Results 


Moisture contents ranged from 
cent, well within the realm the 
active shrinkage and swelling range 
wood and just under the threshold 
any danger from decay. Since 
moisture content variation which gov- 
erns the dimensional changes wood, 
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Fig. 8.—Data plotted for one year piedmont home show the 
wide variation moisture content the basement compared 
the more moderate changes the living area and attic. 


will given most the emphasis 
this discussion. addition the 
data variation, ranges and averages 
moisture content year and sea- 
son will shown later. 


Variation Seasons: great in- 
terest was the seasonal moisture con- 
tent variation found the attics, liv- 
ing areas, and crawl spaces pied- 
mont and mountain homes (Figs. 
and 4). Piedmont homes showed 
somewhat larger variations than did 
mountain homes. These figures also 
show that the largest variation occurred 
the fall, regardless the place 
the home tested. This the time 
the year when the home-owner turns 
the heating plant, with subsequent 
drying effect upon the interior wood. 
The basswood specimens quickly reflect 
this drying condition, the figures 
show. 

might expected, basements 
showed the largest moisture content 
variation, much percent the 
piedmont compared percent 
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PERCENT RANGE MOISTURE CONTENT 


Fig. content ranges the mountains and piedmont 
are shown relation each other. Average moisture contents are 


weighted number observations. 


the mountains. Spring also season 
fairly rapid changes, they exceed 
winter and summer this respect. 
Again basements were high, and 
showed much percent both 
the piedmont and mountains. the 
spring, heating plants are gradually 
turned down, and the wood homes 
increases moisture content until 
reaches equilibrium with outside air. 


addition changes from season 
season, the extremes variation 
throughout home from attic base- 
ment are important (Figs. and 6). 
The summertime difference between 
hot, stuffy attics and cool, damp base- 
ments proved per- 
cent the piedmont, and percent 
the mountains. The fall season 
somewhat the same, shows slightly 
less variation from attic basement 
and winter shows the least. The last 
column each these two graphs 
summarizes the maximum yearly mois- 
ture content variation from attic 
basement, and this yearly variation 
always higher than any seasonal varia- 
tion. The piedmont was high with 
percent variation for the year one 
home; the maximum mountain 
homes was little over percent. 
Imagine what might happen piece 
furniture stored the basement 
and moved the attic, vice versa. 
The change dimensions could 
amount half the total possible 
shrinkage swelling the wood. 


Actual Moisture Contents: The ex- 
tent which moisture contents vary 
during the year the piedmont and 
mountains much than gen- 
erally believed. Fig. compares aver- 
age moisture contents living rooms 
and basements for individual areas for 
the entire year from June 1957 
June 1958. can seen from the 
curves that mountain home living areas 
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Fig. 10.—As before, piedmont home interiors show more 
than mountain home interiors. The amount variation shown for the 


home interior the maximum (high minus low) for the year. 


show the least variation over the year, 
while basements both piedmont and 
mountain homes show the greatest 
variation. Continuous records attic 
moisture contents were not available 
for this chart. 


Individual moisture contents were 
taken each week one piedmont 
home Raleigh, North Carolina (Fig. 
8). This well-constructed brick 
veneer home. Actual moisture content 
ranges for attics, living areas, and base- 
ments for all houses studied are shown 
Fig. Piedmont and mountain 
areas are compared and average mois- 
ture contents for the year are shown. 
Again, the piedmont shows larger 
range moisture content variation 
and also higher average moisture 
content. 


Maximum Variation for the Year: 
Yearly variations are naturally greater 
than individual seasonal variations 
(Fig. 10). Basements vaty percent 
yearly moisture content the pied- 
mond and percent the moun- 
tains. The range actual moisture 
content one piedmont basement was 
from percent the dry winter 
percent during the summer 
(Fig. 9). 

Living areas showed 
moisture content variation and, 
course, attics the least. 

Because the sensitivity the 
basswood moisture-content specimens, 
weather changes could detected 
easily. few days rainy weather 
started moisture content curves 
upward trend throughout the rainy 
area. Likewise, the week the furnace 
was turned home, the basement 
moisture content specimens began 
steady drop moisture content. 

The very fact that the basswood spe- 
cimens sensitive humidity 
changes invites caution interpreting 


curves moisture content variatio: 
Certainly homes different types 
construction with and without insul. 
tion and the variations home 
ing play part determining woc 
moisture content any particular 
Not enough information has yet 
received make any definite conch 
sions about average moisture conten 
and how they are affected types 
home construction and heating plants. 


Plans for Next Year: learn 
how finished specimens simulating fur- 
niture react, the club will install 
new set furniture-finished 
mens measured along with the 
initial set. this manner, not only the 
highs and lows moisture content 
variation will recorded, but also the 
reduced variation caused the partial 
surface-sealing-effect commercial 
finishes will determined. Moisture 
content results from this set speci- 
mens will reported later date 
further progress reports. 


Conclusions 


With limited data obtained the 
Southeast, has been demonstrated 
that moisture content wood 
homes can vary widely seasons 
the year and different parts 
house. These variations are con- 
trolled some extent house con- 
struction, insulation, and heating 
tems, but the best houses, 
ished wood can change 
content enough cause serious 
age wood the next step 
ascertain the effect finishes 
tarding such changes, and 
recommendations not only the 
tory moisture content wood produ: 
but also the methods preve 
changes that cause damage 
home. 
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Adhesives for Dissimilar 


DHESIVES FOR DISSIMILAR MATERI- 
that can embrace virtually all the 
many types adhesives available, 
well nearly all the types materials 
are amenable adhesive bonding. 
Actually, there are probably more use- 
ful adhesive bonds involving dissimilar 
materials than there are involving sim- 
ilar materials, and great many adhe- 
sives can used bond dissimilar, 
well similar, materials. 


From practical standpoint, the im- 
portant dissimilarities are those that af- 
fect significant degree the per- 
formance the bonded joint, and, 
since each specific adhesive application 
indeed individual case with indi- 
vidual problems, the number factors 
considered could quite large. 
This report, however, limited 
some the more frequently encoun- 
tered dissimilarities, which can clas- 
sified roughly chemical dissimilari- 
ties and physical dissimilarities. 

Chemical dissimilarities con- 
sidered are those that have with 
adhesion, with the effect the adhe- 
sive composition the material 
bonded, and with the possibility 
galvanic action metal-to-metal bonds. 
Physical dissimilarities importance 
are those. that control relative changes 
dimensions the bonded members: 
(1) thermal coefficient expansion, 
(2) tendency expand and contract 
due changes moisture content, 
and (3) modulus elasticity, which 
dimensions with applied stress. 


wide variety both natural and 
synthetic adhesives are available the 
market, and might interesting 
this point indicate one possible 
broad classification adhesives based 
composition, The following tabula- 
tion provides such classification. 


CLASSIFICATION 


Naturally-occurring materials 
Starch and dextrins (from vegetable 


chemical engineering from the University 
Nebraska and PhD. from Purdue University. 
has worked adhesive development with 
Cork Co. since 1950. 


Manager, Adhesives Department, Re- 
search and Development Division 
Armstrong Cork Co., Lancaster, Pa. 


Consideration must given 
bonded, anticipated service 
conditions, and desired 
service life. Adhesives must 
adhere both materials, 


and they must not adversely 
affect adherends during 
bonding. Bonded members 
preferably should 
inert each other. 


Proteins (from both vegetable and 
animal sources) 

(1) Animal (bones, hides, sinews) 
(2) Blood (whole blood albumin) 
(3) Casein (from milk) 

(4) Soya-bean protein 

Other materials 
(1) Asphalt 
(2) Shellac 
(3) Natural rubber 

claimed rubbers 
(4) Sodium silicate 
Synthetic polymers 

Thermoplastic (cellulose esters and 
ethers, alkyd and acrylic esters, poly- 
amides, polystyrene, synthetic 
bers, polyvinyl alcohol 
tives) 

Thermosetting (urea, melamine, phe- 
nol, resorcinol, furane, epoxy resins, 
synthetic rubbers) 

There separate and distinct 
class adhesives that used solely 
for the bonding dissimilar materials. 
Rather, the bonding each combina- 
tion materials must considered 
individual case with due considera- 
tion for the properties the materials 
bonded, the anticipated service 
conditions, and the desired service life. 
choosing adhesives for bonding 
materials with dissimilar dimensional- 
change characteristics, the thermoplas- 
tic synthetic polymers are probably 
most interest, since they inherently are 
more capable adapting themselves 
the changing dimensions the bonded 
materials. Many the naturally-occur- 
ring materials and the thermosetting 
synthetic materials are too rigid for 
such use. 


Presented FPRS Northeast Section Meet- 
ing, Oct. 30-31, 1958, Lancaster, Pa. Submitted 
Journal Nov. 13. 
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Dissimilar Chemical Characteristics 


Adhesion: Adequate adhesion 
both surfaces bonded funda- 
mental requirement, and well 
known that the chemical compositions 
both the adhesive and the materials 
bonded are important factors 
determining the degree which ad- 
hesive bond will formed. Few ad- 
hesives bond well all materials, and 
important each individual case 
select adhesive that will bond 
both materials For example, 
rubber stock metal, has been 
found that adhesives composed 
neoprene rubber are not suitable be- 
cause, while they adhere well the 
metal, they not adhere the nitrile 
stock. If, however, adhesive com- 
posed nitrile-butadiene rubber 
used, will adhere both the nitrile— 
butadiene stock and the metal. Similar 
problems arise the bonding 
cult” materials, such 
and Teflon, and often necessary 
resort the use very soft ad- 
hesives with low cohesive strengths 
the use special surface treatments. 

All the factors that contribute 
adhesion are not thoroughly under- 
stood, but probable that all types 
molecular forces capable causing 
intermolecular attractions can in- 
volved, depending upon the natures 
the particular adhesive and the mate- 
rials bonded. Wetting the sur- 
face the adhesive is, course, 
primary requirement, and likely 
that wetting indication mole- 
cular attraction. 

yet, precise quantitative cor- 
relation can made molec- 
ular quantities and adhesion, and 
the present time the scientist can 
little help the technologist the 
matter predicting adhesion, is, 
therefore, necessary rely either 
matter achieving adequate adhesion. 


Effect the Adhesive Composi- 
tion the Material Bonded: 
Because dissimilarity chemical 


Rutzler, and Savage (editors). 1954. 
Adhesion and adhesives: fundamentals and prac- 
tices. John Wiley Sons. pps. 74-80, Types and 
uses adhesives. Blomquist. 
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composition, two materials 
bonded often vary widely suscepti- 
bility attack adhesive solvents. 
Some materials, notably wood, cork, 
and certain metals, may adversely 
affected water. the other hand, 
rubber and many plastics 
ceptible attack organic solvents. 
Since most adhesives contain either 
water organic solvents, problems can 
arise the bonding solvent-suscep- 
tible materials those susceptible 
attack water. 


Such problem encountered 
the bonding foamed plastics steel. 
Many water-soluble water-dispersed 
adhesives not adhere well metals, 
and some cases they might even 
responsible for corrosion the metal. 
the other hand, certain foamed 
plastics are dramatically affected sol- 
vents. When solvent-type adhesive 
applied piece foamed polysty- 
rene, the result immediate collapse 
the foam. contrast, polyether 
foams swell contact with solvents. 
number techniques can used 
solve this problem. One the pos- 
sibilities involves the application 
solvent-type adhesive the metal, and 
water-dispersed adhesive the foam. 
The two adhesive films can com- 
bined form useful bond when 
most the water and the solvent have 
evaporated, and the adhesive films are 
tacky, but not wet, condition. 


Galvanic Action: The next tabu- 
lation presents galvanic series 
common metals and alloys. Metals 
high this list are chemically more 
reactive with respect 
reduction reactions than are those fur- 
ther down the list. 
metal bonding involving metals with 
different positions galvanic 
series, the possibility for galvanic ac- 
tion exists, with the resultant rapid 
corrosion the more active metal. 
This corrosion capable destroying 
adhesion the metal. Therefore, the 
possibility galvanic action should 
considered all cases where dissimilar 
metals are joined. possible re- 
duce the risk galvanic action 
using adhesive with good electrical 
insulating properties and making cer- 
tain that the metals themselves are not 
contact. 


GALVANIC SERIES METALS 
AND ALLOYS 


Magnesium and magnesium alloys 

Zinc 

Aluminum 

Steel iron and cast iron 

Chromium iron (active) 

tive) 

solders, lead, and tin 

Brasses, copper, bronze, 
loys, and titanium monel 
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Thermal Coefficient Expansion: 
The relationship between the thermal 
expansion the two 
matter for consideration where dis- 
similar materials are involved. Some 
thermal coefficient values for variety 
materials follows: 


Ideally, the thermal coefficients 
expansion two materials 
bonded should the same, the 
bond will subjected varying tem- 
peratures use. The more closely the 
correspond, the less likely 
that difficulties will encoun- 
tered. For example, there less likeli- 
bonds than there 
aluminum bonds. 


When bonded sheets materials 
with dissimilar thermal coefficients 
expansion are subjected tempera- 
tures higher than those which the 
bond was made, one the materials 
will expand more than the other, and 
the unequal expansion will tend set 
shear stresses the interface be- 
tween the adhesive and the bonded 
surfaces. Unless the adhesive capable 
stretching, bond failure can occur. 
general, the soft, low-modulus 
adhesives that are capable adapting 
themselves the new configuration 
the system with minimum residual 
stress. 


large, flat sheets flexible mate- 
rials are involved, usually the unequal 
expansion will result bowing with 
the material having the larger 
cient the convex side. This bowing 
tends relieve stresses the adhesive 
some degree. However, bowing 
usually undersirable and, many 
cases, can prevented sandwich- 
ing one the materials between two 
the other form balanced con- 
struction. this done, the joint may 
remain flat, but the bond will 
stressed. this case, the adhesive 
must flow stretch relieve the 
stress. 


Expansion and Contraction due 
Changes Moisture Content: Mate- 
rials composed wood, cork, and as- 
bestos tend hygroscopic and will 
absorb moisture from the atmosphere. 
doing, they expand and some 
degree are themselves 
strength. When hygroscopic material, 
such wood, bonded non- 
hygroscopic material, such metal, 
large changes humidity will cause 


expansion the wood and tend set 
shear stresses the bonded joint 
similar those caused thermal 
pansion. Here again, soft, low- 
modulus adhesive more capable 
absorbing the stress than rigid 
adhesive. 

Laboratory test procedures have been 
devised test the abilities adhesive. 
adherend combinations withstand 
stresses due dissimilarity dimen- 
sional change characteristics. Such 
procedures involve subjecting the 
bonded joint series differing 
temperature, humidity, and 
conditions, usually cyclic basis. 
The following cycle, ASTM 
widely used the building 
industry. 


Each cycle consists 


Immersion water 122°F for 
hour. 


Spraying with wet steam 194°F 


200°F for hours. 

Exposeure 10°F for hours. 

Exposure dry air 212°F for 
hours. 

Spraying with wet steam 194°F 
200°F for hours. 

Exposure dry air 212°F for 
hours. 


This series repeated until the 
cimen has been exposed total 
six cycles. 

Notice that this test introduces the 
effects thermal shock combinatica 
with alternate wet and dry conditions. 
Where the bonded materials have dis- 
similar coefficients thermal expan- 
sion, the differences expansion and 
contraction must taken the 
adhesive. The alternate wet and dry 
conditions have similar effect where 
hygroscopic materials, such wood, 
are involved. While cycles this type 
are most useful comparing different 
adhesive-adherend combinations, 
are lesser value predicting abso- 
lute performance the given combina- 
tion. 

Test results obtained the use 
this cycle have shown that the rela- 
tively low-modulus, thermoplastic ad- 
hesives are better able adapt the 
differences dimension brought about 
changes temperature and 
ity than are rigid thermosetting adhe- 
sives. For example, 12- 
panels consisting hardboard cores 
with porcelain enamel steel skins 
galvanized steel backings consisten 
undergo delamination less than 
thermosetting resin adhesives 
adhesives, but the panels will 
fully withstand six cycles this 
when bonded with thermoplastic 
prene-phenolic resin adhesives. 

between the specimen size and 
effect that cycling has given 
bination panel components. 
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relatively small, 12-inch, speci- 
will undergo six cycles D-1037 
specimen the same com- 
will occasionally show some 
lamination. The effect more pro- 
pparently, the effects the dimen- 
change are more pronounced 
edges the specimen than the 
for here that delamination 
first. Therefore, becomes ex- 
important that tests con- 
this size effect can minimized 

designing the panels such way 
prevent the accumulation large 
Possible solutions this prob- 

include the use alternating 
bonded and unbonded areas, and the 
use expansion joints. 


Cr 


Modulus Elasticity: scme ad- 
hesive applications, the principal func- 
tion the adhesive simply hold 
the parts together, and there may 
little likelihood stresses the bond 
other than those that are inherent from 
the nature the bonded materials. 
other applications, however, the bond 
must withstand externally applied 
stresses. This latter type application 
interest here. 

The elastic moduli adhesive and 
adherends play important part 
determining the ability adhesive 
bonds withstand external stresses. 
Ideally, the modulus the adhesive 
should the same that the adhe- 
rends. This can rarely achieved, but 
preferable that the modulus the 
adhesive smaller, rather than larger, 
than that the bonded materials. 
When relatively high-modulus adhe- 
sives are used bond low-modulus 
materials, the bond predisposed 
failure under small stresses. 
When shear stresses are applied 
such bond, the bonded material will 
stretch greater extent than will the 
adhesive. This condition will result 
large shear stresses the interface be- 
tween the adhesive and the bonded 
materials. 

bonding materials widely dif- 
erent elastic moduli, desirable that 
the modulus the adhesive not 
larger than that the bonded mate- 
rial having the lower modulus, the 
bond stressed shear. If, how- 
ever, impact stresses are involved, 
more rigid higher-modulus adhesive 
will generally satisfactory, since the 
low-modulus bonded material will ab- 
sorb the impact. This situation occurs 
applications involving 
metal bonds. 


Bonded Joint: The 
strength actually required 
advance most cases. The bond 
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the combination externally applied 
stress and internal stresses due dif- 
ferences expansion and contraction 
the bonded members. addition, 
must sufficiently strong provide 
reasonable margin safety. 


has been the accepted practice 
measure adhesive strength the use 
some form testing machine, and 
many standard testing procedures are 
written around the use such ma- 
chines. One the disadvantages 
these procedures the difficulty in- 
terpreting the strength values obtained 
machine testing terms the 
usable strength adhesive bond. 
typical joint prepared with ther- 
moplastic adhesive might show 
strength 1,500 psi tested destruc- 
tion testing machine, but 
likely that this bond would fail 
few hours under sustained load 
1,000 psi. The maximum load that 
adhesive bond will sustain for in- 
definite period without failure ex- 
cessive creep must known. this 
case, the maximum might the 
order 500 psi even lower. 
apparent that this 
value 500 psi more nearly represents 
the maximum usable strength the 
adhesive. should pointed out, 
however, that this maximum static-load 
value not constant for given ad- 
hesive under all conditions, but that 
depends greatly upon the temperature 
upon other factors. 
mosetting adhesives generally retain 
higher proportion their machine 
strength usable strength than 
thermoplastic adhesives. typical ther- 
mosetting adhesive that has machine- 
measured strength 3,000 psi might 
have static-load strength 2,000 psi. 


stated above, the strength value 
for adhesive bond dependent 
the method which was obtained. 
Some the factors that influence the 
listed below: 


Nature the bonded materials. 

Method preparation the bond. 

Conditioning the bonded specimen 
prior testing. 

conducted. 

Type stress applied; tensile, shear, 
peel, etc. 

Rate application the stress, 

duration the stress. 


wnre 


While beyond the scope this 
paper discuss the above factors 
detail, might interest point 
out some the effects temperature 
adhesive bonds, since there 


increasing demand for adhesives that 
will withstand very high very low 
temperatures. 


Thermosetting adhesives show bet- 


ter high-temperature properties than 


thermoplastics, but some thermoplas- 
tics are useful for intermittent high 
temperatures where extremely high 
strength not required. The follow- 
ing tabulation shows typical 
shear-strength values obtained with 
both thermosetting 
adhesives room temperature and 
180°F. The values were obtained 
overlap specimens alumi- 
num bonded aluminum and tested 
machine speed 0.05 inch per 
minute. 


SHEAR STRENGTH 70° AND 180° 


70°F 180°F 
Adhesive) 3,200 2,000 psi 
D-253 
Adhesive) 1,259 psi 


The behavior adhesives low 
temperatures also interest. Some 
thermoplastic adhesives have higher 
shear strength, but lower impact 
strength —65°F than 70°F. 


The increase shear strength low 
temperatures probably related the 
increased stiffness the adhesive film 
low temperatures, and the decrease 
impact strength due embrittle- 
ment the film. 


Summary 


bonding two materials that un- 
dergo unequal dimensional changes 
under such conditions changing tem- 
perature, changing moisture content, 
relatively soft, low-modulus adhesives, 
since these are inherently more capable 
conforming the changing config- 
uration the bonded joint than are 
rigid adhesives, thus minimizing 
shear stresses due expansion and 
contraction. 


general, thermosetting adhesives 
have better static-load properties, bet- 
ter high-temperature properties, and 
better chemical resistance than 
thermoplastic adhesives. the other 
hand, the properties thermoplastic 
adhesives are frequently more than ade- 
quate for many applications; and, 
addition, they frequently show better 
low-temperature properties than 
thermosetting adhesives. 


STRENGTH NEOPRENE ADHESIVES LOW TEMPERATURES 


D-281 D-239 
70°F 70°F —65°F 
Dynamic Shear Strength (psi) in. overlap, 
Impact (Ft. in.) Charpy Impact Tester 12.0 39.0 14.0 
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THE PLAN: 


Co-Operative Education 


Van WYE 


Professor Co-Ordination, University 
Cincinnati, Cincinnati, Ohio 


O-OPERATIVE EDUCATION was born 
1906, the University Cin- 
present, about major 
schools use one form another. 
operates the theory that engi- 
neers, for example, need practical ex- 
perience well theory; and that the 
best time start getting the required 
experience during the students’ col- 
lege days—their formative years. 
starting off the bottom the ladder, 
students become familiar with engi- 
neering problems gradually, time 
when they can see the application 
theory while still fresh their 
minds. Moreover, they see the con- 
nection between theory and 
class work takes new significance. 
Co-ops are usually assigned pairs. 
the University Cincinnati they 
and there are work periods spread 
over years. Together, pair co-ops 
the exact equivalent full-time 
employee; there never time when 
the employer scheduled have both 
the men work, and there never 
time when has neither them 
the job. always has one the 
other, even during school vacations, 


Four Essentials 


insure best results four essentials 
are recommended, namely: that the 
employer designate one, and only one, 
person charge his co-ops; 


The Author: Ralph Van Wye graduated from 
the University Cincinnati chemical engi- 
chemical and metallurgical engineering the 
University Cincinnati for the past years. 
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the co-op system, the student gets job experience, 
alternating periods school and work, the industrial 
field plans enter. Four essentials are that the em- 
ployer designate only one person charge co-op train- 
ing; definite course correlated work mapped out 
advance; definite wage scale set up; and, con- 
tinuity desired, certain number new co-ops added 


April and June each year. 


that definite course correlated 
work mapped out advance; 
that definite minimum wage rate 
worked for each successive work pe- 
riod; and that continuity de- 
sired, usually larger com- 
panies, certain minimum number 
new co-ops added April and 
June each year. (Special plans for 
smaller companies will mentioned 
later on). 


Administrative Control 


The designated “Super- 
visor should selected 
with great care. should defi- 
nitely interested co-op training. 
should have sufficient authority 
backing see that the pro- 
gram carried throughout the 
plant. from the Uni- 
versity will assist the Supervisor 
visiting him from time time. The 
Co-ordinator and the Supervisor have 
complete and exclusive jurisdiction 
over the co-op’s training, the former 
over the academic phase, the latter over 
his activities employee. The stu- 
dent should directed consult his 
Co-ordinator, however, and not the 
Supervisor, all matters having 
with rate changes, personal complaints, 
requests for job changes, and the like. 
The Co-ordinator will then decide 
discuss the situation with the Super- 
visor. Conversely, the Supervisor 
urged, general rule, call the Co- 
ordinator when various situations arise, 
and deal directly with the student 
only for minor details. 


Training Course 


The definite basic course work 
the factory laid out wholly the 
employer. decides what background 
thinks his co-ops should have ac- 
quired the end their work 
periods, and lays out 
quence accordingly, making use jobs 
ranging from the freshman non-tech- 
the highest specialization the senior can 
handle. 
relations exist throughout. The Univer- 
Department Co-ordination 
merely supervises the approved plan, 
and assists adjusting the practical 
closely possible the theory the stu- 
dent gets school. The training may 
changed, course, whenever the 
employer wishes, when economic 
conditions make changes desirable. 

The particular type work 
which any student assigned 
depend somewhat his aptitude. For 
instance, some co-ops are home with 
problems that have reasoned 
others like pitch into plant 
lems. Some men excell indoor 
some outdoor; some are 
some are quick and dynamic, 
work with methodical accuracy. 
the route particular 
through the training process need 
the same that taken othe 
Nevertheless, the employer thinks 
knowledge certain types wok 
essential for all his trainees, each 
should those types work, 
though not particularly adapted 
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nem. Many employers, the first and 
second years, set standard train- 
schedule for all-over-the-plant ex- 
and postpone until the last 
years the specialized assignments 
the kind work which the in- 
co-op will engaged after 
graduation. Note that even those 
who may not retained be- 
the second year have given value 
ceived for their wages, and the em- 
oyer has suffered loss expense. 


This no-cost feature compares very 
vorably with the expensive much- 
practice sending teams in- 
college campuses se- 
20-minute interviews with young 
men who the time graduation 
are seriously interested selecting 
satisfactory employer. Interviewers 
have told they figure that each new 
graduate hired result such 
procedure costs the employer more 
than $1,500.00. The co-op, the 
other hand, costs nothing but wages, 
which hope earns. Moreover, 
the co-op not unknown his em- 
ployer when begins his after gradua- 
tion employment, and the employer 
knows the particular job for which his 
co-op has been groomed. Both get their 
knowledge each other from actual 
work contact; neither going into 
trial probation period. When co- 
continues after graduation with his 
co-op firm, merely stops going 
school; works full-time instead 
half-time. 


Freshmen Cincinnati are not as- 
signed co-operative work until after 
they have passed satisfactorily four 
week terms academic work. Half 
the freshman class the co-op 
April, the other half June. 
From then on, they get work pe- 
seven weeks duration and 
four lasting weeks each—96 weeks 
all. One period comes the fresh- 
man year, three each the sophomore, 
pre-junior, and junior years, and one 
the senior year. January, all 
seniors return full-time academic 
work. They complete the course about 
the fourth week May. There are co- 
schools where different schedules 
and procedures prevail, such full- 
semester alternating periods, two 
years full-time school before the 
co-op phase begins 


The ideal training for the first-year 
co-op the job that teaches him 
work, Let him common labor. Let 
him /rub shoulders with workmen, 
can observe their point 
Let him learn, from actual con- 
how get along with people. 
proving period; the co-op must make 
good before can hope for promo- 
Incidentally, Cincinnati, co- 


may quit his job for another job 
under any circumstances. must stay 
work until his Co-ordinator can ar- 
range his replacement. Conversely, the 
employer requested arrange all 
terminations through the Co-ordinator, 
and possible allow the terminated 
co-op finish out the current work 
period. During the first two years, the 
co-op need not assigned anything 
confidential nature; thus for any 
reason terminated, classified 
information goes out with him. After 
the second year, the co-op work may 
vary according the tastes and 
ties the individual. the co-op 
shows promise research, production, 
sales-service, the remainder his 
program can laid out accordingly. 
The best performance can expected, 
however, the program job 
assignments that offer real challenge 
the student. Although normal 
program consists periods, any 
work program can altered con- 
densed fit the case the student 
who enters program 
after having been employed co-op 
elsewhere. 


Special Plans 


Many special plans are use. Some 
employers, because lack variety 
opportunity, not care follow 
five year program. Such employers may 
have jobs, however, which, though es- 
sential, cannot filled from day-to- 
day applicants—jobs which offer 
progressive training and 
graduation possibilities. Two three 
such jobs can used succession 
the Co-ordinator, give the student 
holding them varied training. As- 
signments all cases are for min- 
imum three work periods, one year. 
All these remarks apply the Uni- 
versity Cincinnati. Other schools 
probably handle many details dif- 

some cases, co-op may work 
the co-op job. other cases, espe- 
cially where the job far away from 
Cincinnati, job can manned 
double-period basis, whereby each man 
the pair gets one 10-week and one 
16-week period per year. 

Summer jobs can arranged 
allowing one co-op (no alternate in- 
volved) work from June 
November weeks, without inter- 
This plan particularly good 
for men between their junior and 
senior years. constitutes tryout 
period for co-op and employers who 
might interested each other after 
graduation. The summer-job schedule 
can also used start freshmen out 
their home areas. Any kind job 
that will expose the men factory con- 
ditions acceptable. 
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Wage Patterns 


usually better the long run 
standard wage patterns are set up. 
There standard universal rate. 
Wages vary rather widely different 
localities and different industries. 
all cases recommended that the 
employer pay his first-period co-op the 
starting rate for his own newly-hired 
day laborers. rate then set for the 
eleventh period somewhat lower than 
the rate paid engineers who have just 
from college. The rates for 
the second the tenth periods 
are then adjusted show equal raise 
increments. Thus the co-op gets 
standard automatic raise each time 
reports for work; the paymaster knows 
this, and reminders need sent 
him. Wages are paid directly the 
co-op; withholding taxes, 
curity, insurance, and like charges are 
deducted, just they are for other em- 
ployees. The amount wages received 
has nothing whatever with the 
“degree the student receives 
for his co-op work. fact, em- 
phasized that wages are secondary— 
the by-product. co-op’s job never 
changed merely get him more wages. 
When times are good, they have 
been, practically all co-ops meet their 
expenses through co-op earnings. Full 
employment not guaranteed, how- 
ever, and the University assumes 
obligation provide work that will 
pay the expense involved. Co-ops ac- 
cept four-day weeks everyone else 
working four days; they accept pay 
cuts when everyone else gets pay cut. 
Conversely, they expect participate 
all general raises. Under circum- 
stances does the University furnish 
cheap labor. insists that all times 
the co-op receive the same wage paid 
other workers for the same equiv- 
alent work. 


Continuity the Program 


The continuity feature character- 
istic all long-range programs. two 
can absorbed the em- 
ployer each spring, then least two 
freshmen should introduced into 
the program each year. Four pairs, one 
from each class, would normally en- 
gaged such program. Each Janu- 
ary the two seniors would come off the 
job for their regularly-scheduled full- 
time second term school, and the 
following April the pair new fresh- 
men would start co-op work, with 
everyone else moving up. The em- 
ployer under obligation keep 
his co-ops when they graduate, and the 
co-ops are under obligation stay. 
the majority cases, however, 
co-ops stay with the co-op employer 
after graduation. Indeed, the student 
can hardly better himself, and the em- 
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ployer could scarcely secure elsewhere 
newly graduated engineer, who al- 
ready has weeks practical expe- 
rience behind 
tained the own plant. 


Getting Started 


Normally, getting pair co-ops 
started not much problem for 
Cincinnati firms for those out-of- 
town companies with which the Uni- 
versity already has established co-oper- 
ative relations. Personal Record cards, 
kept each co-ordinator, reveal 
birthplace, height, weight, high school 
previous work for pay, physi- 
cal condition, interest 
financial status, family statistics, and 
many other details. Students with too 
low grades may not placed all; 
they are not regarded being eligible. 
The Co-ordinator and the Supervisor 
Training get together, and with 
cards, photographs, scholastic records, 
and other data, choose the men 
assigned. some cases, personal inter- 
views are arranged. 


Placements out town are some- 
times little more complicated. 
usually difficult, and perhaps not 
satisfactory, send any freshman 
his first job assignment area 
where will have pay board and 
room. much better, both for the 
student and for the employer, local 
talent can used. Several ways en- 
courage high school graduates from 
given areas enroll the University 
Cincinnati have been developed. 
The prospective employer plays im- 
portant part the recruitment out- 
standing prospects. 


The first method locating pros- 
pective students for long-range train- 
ing program for the employer, pos- 
sibly with the aid the co-ordinator, 
get touch with the Principals and 
Counselors the high schools within 
the area served. various ways, 
the employer publicizes his interest 
“sponsoring” high school seniors who 
are: the upper percent the 
class, scholastically; interested 
one the branches engineering the 
employer wishes train; promi- 
nent school activities; and 
least open-minded about returning 
the home area after they graduate from 
college. 


The Principals and Counselors 
should impressed with the advan- 
tages going along with the program, 
and the seniors should told what 
the employer willing for them 
long their attitude and scholastic 
attainments college are satisfactory. 
can made avail- 
able the hiring the 
seniors for the summer following their 
graduation from high school. Co-op 
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employment, when the time comes, 
promised those whose grades the 
University are better than average, and, 
course, subject economic con- 
ditions. Copies the proposed train- 
ing program are usually made avail- 
able, and permanent after-college em- 
ployment stressed prime objec- 
tive. course, students 
this manner ate assigned 
co-op work with the sponsoring 
employer. 


The second method 
co-ops grant cash scholarships, 
about companies are now doing. 
The industrial scholarship usually 
tests, especially mathematics. One 
firm selects men each year, and nor- 
mally has about 
choose from. The scholarship sup- 
posed take care the ex- 
penses the time goes the 
co-op basis. Parenthetically, since tui- 
tion payments the student comprise 
about percent what costs the 
University for his year’s training, many 
scholarship plans include also dona- 
tion like amount the 


Advantages the Plan 


Now, let talk about the advan- 
tages the regular co-op plan; the 
University, the employer, and the 
student. The University benefits from 
the fact that, with given set facili- 
ties and given faculty, approximately 
twice the number students can 
accommodated. Since co-ops work for 
companies whose equipment must 
the minute, the University re- 
lieved the necessity purchasing 
expensive machines, which would 
obsolete within few years. Industry, 
however, must recognize obsolescence 
and set reserves for replacement 
out-of-date machines. The University 
can use industry’s constantly modern- 
ized laboratory without expense. ad- 
dition, the University more closely 
integrated with the community through 
the many contacts that result from em- 
ployment arrangements with industry. 
The University’s faculty necessity 
up-to-the-minute concerning industrial 
practices and development. Indeed, the 
faculty members co-op school can- 
not rely entirely text books, when 
the students their classes are daily 
contact with industrial reality. 


The employer secures engineers who, 
the time their graduation from 
college, are already adjusted engi- 
neering requirements gradual and 
everyday transition from academic pur- 
suits the actual environment in- 
dustry. Co-op schools like feel that 
such men become available the em- 
ployer practically cost, since the 
co-op assumed earn his wages. 


Industry also benefits having con- 
stant source supply superior 
trainees. All Engineering co-ops are 
upper-third high school graduates; all 
are definitely interested the courses 
they have chosen; and all are activated 
the knowledge that co-op work 
one the requirements for the 


The student benefits from seeing 
his job the application the theory 
has learned school. gets 
rub shoulders with workmen engage 
point view, and above all 
get along with them. respec 
discipline, matures rapidly, and 
afraid responsibility. proves 
engineering aptitude actual 
been properly supervised, the co-c» 
student hangs his coat and hat 
goes directly work; campus inte 
our expense get better 
and the good student, 
one who would get offer from 
interviewer, has something very 
gible reference point when 
evaluates all other offers. Then there 
the by-product, wages. fact thit 
co-op wages, when there are 
lay-offs, will pay the major part 
any co-op’s way through college. Nev- 
ertheless, the 
and tries drive home the point that 
wages are secondary. must ad- 
mitted, however, that probably many 
young men, whose 


might otherwise prevent their 


ing college work, can get engineer- 
ing education the co-op method. 


specialized courses are taught 
the University; only the basic funda- 
mentals the several branches en- 
gineering education. The specialization 
comes the co-op job. would seem 
that the wood products industry could 
lay out 96-week work program, start- 
ing with plant labor maintenance 
helper, and including all the 
ments co-op should familiar with, 
for what the industry would 
adequate background. any wood 
products member should interest 
school seniors attending co-op 
lege, the co-op training his plaat 
could include lectures and 
tions problems peculiar the 
products field. The college would 
nish the fundamental theory. 


There are least two ways 
ducing wood products engineers 
chemists; the summer 
method and the co-op system. 
sented here were the essential featu 
the regular Co-operative 
the so-called Schneider Plan; 
the name that has come into gene 
use, the Cincinnati Plan. 
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Chip Board and Particle Board Press installation 


suitable for: 


All Types applicable raw materials 
All Manufacturing processes 

All Stages automation 

All required capacities 


Telegramme: siempelcampco, Krefeld Telefon: 28676 Telex: 0853811 
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PARTNERS 


PROGRESS AND LEADERSHIP 


This Inspiration Room 

the quality furniture pro- 
duced the Broyhill Furnitur 
Factories, Lenoir, N.C. Better 
products are the result 
greater care and 
manufacture. 


Fast cutting down and 
mahogany bottom shelf 
panel done double-belt 
stroke sander, using ADALOX 
3/0 and 5/0 paper belts. 


does finer, faster 


FINISHING PAPER 


Use it. Faster cutting, longer life saves time. Saves money. Does better job. 
Use “Abrasive Tech” experience and service. For prompt help 

specific sanding problem. For thorough survey how modern coated 
abrasive techniques can help your plant increase production, cut costs. 
Contact your nearest BEHR-MANNING Office write Dept. FP-11. 


BEHR-MANNING CO. 


TROY, NEW YORK 
DIVISION NORTON COMPANY NORTON 


ABRASIVES” 


BEHR-MANNING PRODUCTS: Coated Abrasives Sharpening Stones Pressure-Sensitive Tapes Floor Maintenance Products 
NORTON PRODUCTS: Abrasives Grinding Wheels Tools Refractories 


In Canada: Behr-Manning (Canada) Ltd., Brantford. © For Export: Norton International, Inc., Troy, New York, U. S.A. 
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